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LETTER 
SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

scBHcmNa 


Smithsonian  iNaTirurioN, 

Wfuhiiiffton,  March  S9. 1913. 
'■'o  (he  Congress  of  the  United  States: 

la  accordance  with  section  5593  of  the  Revised  Statutes  of  the 
'.'lilted  States,  I  have  the  honor,  in  behalf  of  the  Board  of  K^ente, 
'.'•  ^bmit  to  Congress  the  annual  report  of  the  operations,  expendi- 
I  ..ras,  and  condition  of  the  Smithsonian  Institution  for  the  year  end- 
ii;i^  June  30,  1912.    I  have  the  honor  to  be, 

Very  respectfully,  your  obedient  servant, 

Charles  D.  Walcott,  Secretary. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  REGENTS  OF  THE 
SMITHSONIAN  INSTITUTION  FOR  THE  YEAR  ENDING 
JUNE  30, 1912. 


SUBJECTS, 


1.  Annual  report  of  the  secretary,  giving  an  account  of  the  opera- 
tions and  conditions  of  the  Institution  for  the  year  ending  June  30, 
1 912,  with  statistics  of  exchanges,  etc. 

2.  Report  of  the  executive  committee,  exhibiting  the  financiat 
•■ffairs  of  the  Institution,  including  a  statement  of  the  Smithsonian 

fund,  and  receipts  and  expenditures  for  the  year  ending  June  30, 
1912. 

3.  Proceedings  of  the  Board  of  Regents  for  the  sessions  of  Decem- 
ber 14,  1911,  and  February  8,  1912. 

4.  General  appendix,  comprising  a  selection  of  miscellaneous  mem- 
oirs of  interest  to  collahoratora  and  correspondents  of  the  Institution, 
teachers,  and  others  engaged  in  the  promotion  of  knowledge.  These 
memoirs  relate  chiefly  to  the  calendar  year  1912. 
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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION 

CHARLES  D.  WALCOTT, 

FOR  THE  YEAR  ENDING  JUNE  X,  l?I2. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

GTbntcemen:  I  have  the  honor  to  submit  herewith  a  report  show- 
ing the  operations  of  the  Smithsonian  Institution  and  its  branches 
during  the  year  ending  June  30,  1912,  including  the  work  placed  by 
Congress  under  the  direction  of  the  Board  of  Regents  in  the  United 
States  National  Museum,  the  Bureau  of  American  Ethnology,  the 
International  Exchanges,  the  National  Zoological  Park,  the  Astro- 
physical  Observatory,  and  the  United  States  Bureau  of  the  Inter- 
national Catalogue  of  Scientific  Literature. 

The  general  report  reviews  the  affairs  of  the  Institution  proper, 
with  brief  paragraphs  relating  to  the  several  branches,  while  the 
appendix  presents  detailed  reports  by  those  in  direct  charge  of  the 
work.  Independently  of  the  present  report,  the  operations  of  the 
National  Museum  and  the  Bureau  of  American  Ethnology  are  fully 
treated  of  in  separate  volumes. 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLI8BMXINT. 

The  Smithsonian  Institution  was  created  an  establishment  by  act 
of  Congress  approved  August  10,  1846.  Its  statutory  members  are 
the  President  of  the  United  States,  the  Vice  President,  the  Chief 
Justice,  and  the  heads  of  the  executive  departments. 

THE  BOARD  OF  REGENTS. 

The  Board  of  Regents  consists  of  the  Vice  President  and  the  Chief 
Justice  of  the  United  States  as  ex  officio  members,  three  Members  of 
the  Senate,  three  Members  of  the  House  of  Representatives,  and  six 
citizens,  *'  two  of  whom  shall  be  resident  in  the  city  of  Washington, 
and  the  other  four  shall  be  inhabitants  of  some  State,  but  no  two  of 
them  of  the  same  State." 
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2  ANNUAL  BEPOBT  SMITHSONIAN  INSTITUTION,  1912. 

In  regard  to  the  personnel  of  the  board  I  may  here  record  that 
Dr.  James  B.  Angell,  of  Michigan,  resigned  on  January  15,  1912, 
after  an  honorable  service  as  Kegent  for  25  years.  The  vacancy  thus 
caused  was  filled  by  Congress  by  the  appointment  of  Hon.  Charles  W. 
Fairbanks,  of  Indiana,  who  as  Vice  President  of  the  United  States 
had  formerly  been  a  Begent  from  1904  to  1909.  Bepresentatives 
Scott  Ferris  and  Irvin  S.  Pepper  were  appointed  Regents  to  succeed 
Representatives  Howard  and  Mann.  The  roll  of  Regents  at  the  close 
of  the  fiscal  year  was  as  follows :  James  S.  Sherman,  Vice  President 
of  the  United  States,  Chancellor;  Edward  D.  White,  Chief  Justice 
of  the  United  States;  Shelby  M.  Cullom,  Member  of  the  Senate; 
Henry  Cabot  Lodge,  Member  of  the  Senate;  Augustus  O.  Bacon, 
Member  of  the  Senate;  John  Dalzell,  Member  of  the  House  of 
Representatives;  Scoti  Ferris,  Member  of  the  House  of  Representa- 
tives; Irvin  S.  Pepper,  Member  of  the  House  of  Representatives; 
Andrew  D.  White,  citizen  of  New  York;  Alexander  Graham  Bell, 
citizen  of  Washington,  D.  C;  George  Gray,  citizen  of  Delaware; 
Charles  F.  Choate,  jr.,  citizen  of  Massachusetts;  John  B.  Hender- 
son, jr.,  citizen  of  Washington,  D.  C;  and  Charles  W.  Fairbanks, 
citizen  of  Indiana. 

The  annual  meeting  of  the  board  was  held  on  December  14,  1911, 
and  the  usual  supplementary  meeting  on  February  8,  1912.  The 
proceedings  of  these  meetings  and  the  annual  report  of  the  executive 
committee  are  printed  in  the  customary  fonn  and  the  details  need 
not  therefore  be  repeated  here. 

GENERAL  CONSIDBBATIONS. 

The  affairs  of  the  Institution  and  of  its  branches  have  been  con- 
ducted during  the  year  with  success  and,  I  trust,  to  the  satisfaction 
of  all  interested.  The  work  covers  practically  the  entire  field  of 
natural  and  physical  science,  as  well  as  anthropological  and  archeo- 
logical  researches.  The  extent  of  that  work  is  limited  only  by  the 
amount  of  the  funds  available.  I  referred  in  my  last  report  to  the 
establishment  of  a  trust  fund  by  Mrs,  E.  H.  Harriman  for  carrying 
on  certain  research  work,  and  I  desire  here  to  mention  the  generosity 
of  several  friends  of  the  Institution  who  have  provided  means  for 
engaging  in  certain  biological  expeditions. 

The  equipping  of  the  new  National  Museum  building  with  cases 
and  the  installation  of  the  collections  progressed  satisfactorily.  It 
is  anticipated  that  during  the  fiscal  year  1913  the  building  will  be 
entirely  occupied  and  all  the  exhibition  halls  opened  to  the  public 
The  great  extent  of  this  work  may  be  best  understood  by  the  state- 
ment that  the  exhibition  halls  embrace  an  area  of  about  220,000  square 
feet,  or  5  acres.  The  installation  had  been  so  thoroughly  planned 
t^  Assistant  Secretary  Rathbun  and  his  associates  that  the  work  in 
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all  the  departments  has  advanced  in  an  orderly  and  systematic 
fashion. 

Altbou^  the  new  Museum  building  ie  intended  primarily  for  the 
exhibition  of  natural-history  specimens,  the  main  floor  of  the  large 
central  hall  has  been  temporarily  given  up  to  the  exhibition  of  the 
collections  of  paintings  belonging  to  the  National  Gallery  of  Art. 
It  is  to  be  noted  in  this  connection  that  Mr.  William  T.  Evans  has 
presented  187  paintings  illustrating  the  work  of  100  American  artists. 
This  extremely  valuable  collection  should  in  due  time  be  housed  in  a 
suitable  art  gallery,  with  other  valuable  collections  of  this  character 
belonging  to  the  Government.  The  details  of  the  development  of  the 
Museum  system  and  accessions  made  to  the  collections  will  be  found 
in  the  report  of  the  assistant  secretary  in  charge  of  the  Museum. 

As  I  have  stated  in  previous  reports,  I  believe  it  desirable  to  estab- 
lish a  number  of  research  associateships  similar  to  the  Harriman 
trust  fund,  whereby  especially  capable  men  in  the  several  branches  of 
science  may  be  afforded  opportunities  for  research  work  without  the 
care  and  burden  of  administrative  duties,  and  with  full  assurance 
that  as  long  as  their  work  is  properly  conducted  it  will  be  continued, 
and  that  provisi<m  will  be  made  for  them  when  incapacitated  for 
active  service.  The  field  for  scientific  investigation  is  extensive,  and 
there  are  numbers  of  worthy  projects  that  can  not  now  be  under- 
taken because  of  lack  of  means — projects  that  could  not  properly  be 
carried  on  through  Government  appropriation,  but  which  the 
Smithsonifm  Institutim  could  readily  undertake  were  the  means 
available. 

In  this  connection  I  would  call  attention  to  the  organization  of  a 
Besearch  Corporation  in  which  the  Institution  is  particularly  in- 
terested. 

Reaearch  Corporation. — Dr.  Frederick  G.  Cottrell,  pf  the  United 
States  Bureau  of  Mines,  having  generously  offered  to  present  to  the 
Smithsonian  Institution  a  valuable  set  of  pat«its  relating  to  the  elec- 
trical precipitation  of  dust,  smotre,  and  chemical  fumes,  it  seemed  to 
the  Regents  advisable,  for  various  reasons  incident  to  the  business 
management  of  the  patents,  that  there  be  organized  a  stock  corpora- 
tion which  could  take  title  to  the  patents  and  in  which  the  Institu- 
tion should  be .  indirectly  represented  by  the  secretary  as  an  indi- 
vidual, and  not  in  his  capacity  as  secretary.  The  recommendation 
of  the  Regents  being  acceptable  to  Dr.  Cottrell,  the  Research  Cor- 
poration of  Kew  York  was  accordingly  organized  and  incorporated 
by  certificate  executed  February  16,  1912,  filed  in  the  office  of  the 
secretary  of  state  of  New  York  February  26,  1912,  and  in  the  c^ce 
of  the  clerk  of  the  county  of  New  York  February  2Y,  1912. 

The  objects  of  the  Research  Corporati(Hi  are  explained  in  the  f(d- 
lowing  circular: 

r,„t,zec  by  Google 
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BESBABCH  COBPORATIDN. 

Tbe  Resesrcb  Corporaticm  has  recently  been  organized  under  the  taws  of  tbe 
Btate  of  New  Toik  as  a  self-aapporting  meane  of  farthering  scientific  and  tech- 
nical reeearch.  Tbe  corporation  haB  two  objects:  first,  to  acquire  InventloDs 
and  patents  and  to  make  tbem  more  available  In  the  arts  and  Indastrles.  while 
using  them  as  a  sonrcei>f  Income;  and,  second,  to  appiy  all  profits  derived  from 
sucb  use  to  the  advancement  of  technical  and  scientific  Investigation  and  ex- 
perimentation tbrot:gb  tbe  agency  of  tbe  Smithsonian  Institution  and  sucb 
other  scientific  and  edacadonal  Institutions  and  societies  as  majr  be  selected 
by  tbe  directors.  For  these  purposes  the  corporation  has  been  capitalized  at 
$20,000,  divided  Into  200  shares,  but  the  charter  provides  that  no  dividends  sball 
be  paid  and  that  tbe  entire  net  profits  sball  be  devoted  to  research ;  all  tbe  stock 
being  held  under  a  stockholders'  agreement,  which  recites  tliat  the  corporation 
has  been  organized  for  the  purpose  of  aiding  and  encoura^ng  technical  and 
scientific  research,  and  not  for  personal  or  individual  profit 

At  the  present  time  many  discoveries  are  constantly  bting  made,  which  tin- 
doubtedty  possess  a  greater  or  less  potential  value,  but  which  are  literally  being 
allowed  to  go  to  waste  for  lack  of  thorough  development  Ttds  is  due,  in  some 
cases,  to  tbe  (act  that  tbe  Inventors  are  mMi  In  the  service  of  the  Govemmenti,  ' 
or  In  the  universities  or  technical  scbools,  who  are  retarded  either  by  official 
poBltions.  lack  of  means,  or  reluctance  to  engage  in  commercial  enterprises;  and 
In  otber  cases  to  the  fact  that  a  discovery  made  incidentally  in  the  laboratory 
of  a  manufacturing  corporation  does  not  lend  Itself  to  the  partlcuar  purpose 
of  such  corporation.  True  conservation  demands  that  such  by-products  as 
these  shall  be  developed  and  utilized  to  the  fullest  extent  of  which  they  are 
capable.  Tbe  Research  Corporation  alms  to  supply  this  demand;  end.  throng 
the  cooperation  of  the  Smithsonian  Institution  and  the  nniveralties,  to  carry 
forward  the  work  of  Investigation  already  begun  by  others  upon  lines  which 
promise  Important  results  and  to  perfect  such  Inventions  as  may  prove  to 
possess  commercial  value,  thus  bringing  sclenttflc  Institutions  Into  closer  rela- 
tions with  industrial  activities  and  furthering  the  Improvements  of  iodustrtal 
proceases. 

The  eatabllabmoit  of  the  Besearch  Corporation  has  be^  rendered  Immediately 
possible  by  tbe  acquisition,  through  tbe  gift  of  Dr.  F.  O.  Cottrell,  of  the  United 
States  Bureau  of  Mines,  and  his  associates,  of  a  valuable  set  of  patents  relating 
to  tbe  precipitation  of  dust,  smoke,  and  chemical  fumes  bf  the  nse  of  electrical 
currents.  These  devices  have  already  been  tested  and  are  In  operation  In  sev- 
eral Western  States,  and  are  fully  described  In  an  arttde  In  "  Industrial  and 
Engineering  Chemistry",  for  August,  1911.  The  ovmership  of  these  patents 
and  the  exclusive  control  of  tbem,  except  In  six  Western  States,  at  once  assures 
a  certain  amount  of  business  to  the  corporation,  and  It  already  has  contracts 
for  preliminary  Installations  In  the  Garfield  Smelter  of  tbe  American  Smelter 
&  Betltilng  Co.,  the  New  York  Edison  Co.,  and  the  Baltimore  Copper  Refinery. 
Numerous  inquiries  b:ire  been  received  from  otber  Important  planta 

Besides  tbe  patoits  which  have  already  been  transferred  to  the  corporation,  a 
number  of  others  In  various  fields  of  Industry  have  been  offered  by  officers  of 
the  Oovemment  and  scientific  Institutions,  as  well  as  by  manufacturing  cor- 
porations holding  patents  not  available  for  their  own  purposes.  A  similar  offer 
has  also  come  from  Germany,  through  Mr.  Erwin  Moller,  who  has  developed 
certain  Inventions  In  tbe  same  field  as  the  Cottrell  patents,  and  undoubtedly 
there  are  many  others  who  will  be  glad  to  have  th^r  Inventions  utilized  for  the 
benefit  of  sclottiac  research. 
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th«  management  of  tbe  corporation  Is  In  the  bands  ot  a  board  of  directors 
composed  of  budaeSB  and  professional  m«i,  many  ot  wbom  have  bad  experlenra 
In  large  Industrial  and  mining  enterprises.  Among  tbem  are  Dr.  Charles  D. 
Walcott,  Secretary  of  tbe  Smitbeonlan  Institution;  Gbarles  Klrcbboff,  recently 
president  of  tbe  American  Society  of  Mining  Engineers ;  Artbur  D.  little,  presi- 
dent of  the  American  Chemical  Society ;  Hennen  Jennings,  of  Wasbington ;  Gen. 
T.  Coleman  dn  Pont,  of  Wilmington ;  James  J.  Storrow,  Charles  A.  Stone,  and 
Prof.  Ellbu  Thomson,  of  Boston ;  Frederick  A.  Goetze,  dean  of  tbe  facvlty  of 
applied  advice  of  Colmnbla  University;  Elon  Huntington  Hooker,  president  of 
the  Developmrait  and  Funding  Go. ;  Thomas  C.  Meadows,  vice  preflldent  of  tbe 
Intematiooal  Agricultural  Corporation,  and  Benjamin  B.  Lawrence  and  John 
B.  Pine,  of  New  York.  Lloyd  N.  Scott  le  tbe  secretary  and  Linn  Bradley  tbe 
engineer  of  the  corporation. 

Tbe  Kesearcb  Corporation  Invites  correspondence  with  Industrial  concerns 
who  are  interested  In  perfecting  their  operations. 

All  communicationB  should  be  addressed  to  "  Besearch  Corporation,  No.  63 
Wall  Street,  New  Tork  Cfllj." 

The  Cottrell  patents  cov«t  processes  used  in  the  precipitation  of 
solid  particles  from  gasea  and  smoke  produced  in  smelters  and  cement 
plants.  Considerable  injury  has  been  suffered  by  orchards  and  crops 
in  the  neighborhood  of  the  great  cement  plants  in  California.  The 
Cottrell  processes  have  met  with  success  in  removing  the  particles  of 
cement  &om  the  smoke  and  gases  of  such  plants  and  particles  of  lead 
and  other  metals  from  the  smoke  of  smelters,  as  well  as  the  abatement 
of  smoke  nuisances  in  general.  It  is  expected  by  Prof.  Cottrell  that 
there  will  be  great  economic  advantage  in  saving  the  solids  in  the 
gases  and  smoke. 

FINANCES. 

The  permanent  fund  of  the  Institution  and  the  sources  from  which 
it  was  derived  are  as  follows: 

Deposited  in  the  Treasury  of  tke'Dnited  Btate$. 

Beqnest  of  Smithaon,  1846 *51B,  16».  00 

Besiduary  l^acy  of  Smlthson,  1867 26,210.63 

Deposit  from  savings  of  Income,  1867 108,620.37 

Bequest  of  James  Hamilton,  1876 *1,000.00 

Accumnlated  interest  on  Hamilton  (nnd,  1895 1,000.00 

2,000.00 

Bequest  of  Simeon  Habd,  1880 GOO.  00 

Deposit  from  proceeds  of  sale  of  bonds,  1881-. 61,500.00 

Gift  of  Thomas  G.  Hodgklns,  IS&l 200.000.00 

Part  ot  residuary  legacy  of  Thomas  G.  Hodgklns,  18M 8,000.00 

D^xwlt  from  savings  ot  income.  1903 26,000.00 

Beeldnary  legacy  of  Thomas  G.  Hodgklns 7,018.63 

Total  amount  ot  fund  In  the  United  States  Treasury 944, 018. 69 

B^stered  and  guaranteed  bonds  of  tbe  West  Shore  It.  R.  Co.  (par 

value),  part  ot  legacy  of  Thomas  G.  Hodgklns 42.000.00 

Total  permanent  fund 1 986.  Ma  69 
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In  addition  to  the  above  there  are  toar  pieces  of  real  estate 
bequeathed  to  the  Institution  by  the  late  R.  S.  Avery,  some  of  which 
yield  a  nominal  rental,  and  all  are  free  from  taxation. 

That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  provisions 
of  the  act  organizing  the  Institution  and  an  act  of  Congress  approved 
March  12,  1894.  The  rate  of  interest  on  the  West  Shore  Railroad 
bonds  is  4  per  cent  per  annum. 

The  income  of  the  Institution  during  the  year,  amounting  to 
$107,168.31,  was  derived  as  follows :  Interest  on  the  permanent  foun- 
dation, $58,375.12;  contributions  from  various  sources  for  specific 
purposes,  $21,150;  and  from  other  miscellaneous  sources,  $27,643.19; 
all  of  which  was  deposited  in  the  Treasury  of  the  United  States  to  the 
credit  of  the  current  account  of  the  Institution. 

With  the  balance  of  $32,425.66  on  July  1,  1911,  the  total  resources 
for  the  fiscal  year  amounted  to  $139,593.97.  The  disbursements, 
which  are  given  in  detail  in  the  annual  report  of  the  executive  com- 
mittee, amounted  to  $106,533.88,  leaving  a  balance  of  $33,060.09  on 
deposit  June  30, 1912,  in  the  United  States  Treasury. 

The  Institution  was  charged  by  Congress  with  the  disbursement  of 
the  following  appropriations  for  the  year  ending  June  30,  1912 : 

International  ExchangeB $32,000 

American  Ethnology 43,000 

ABtroptayaicBl  Obaerratory 18,000 

National  Museum: 

Pnmltura  and  flxtures 176,000 

Heating;  and  lighting 60,000 

Preeervatton  of  collectlone 


EXPLORATIONS  AND  RESEARCHES. 

Scientific  explorations  and  researches  have  been  carried  on  during 
the  past  year  at  the  expense  of  the  Institution  as  far  as  its  limited 
income  and  the  generosity  of  its  friends  would  permit.  The  Na- 
tional Museum  has  participated  in  some  of  these  enterprises  by  fur- 
nishing equipment  or  supplies  or  by  detailing  members  of  its  staff 
to  conduct  investigati(»is  or  to  make  collections  that  are  subsequently 
transferred  to  the  Museum.  Other  researches  made  through  the 
Astrophysical  Observatory  and  the  Bureau  of  American  Ethnology 
are  referred  to  elsewhere  in  this  report.  The  resources  of  the  Insti- 
tution not  being  sufiBcient  to  enable  it  to  plan  estensive  investjga- 
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tions  in  the  field  or  to  maintain  a  corps  of  collectors,  it  is  compelled 
to  concentrate  its  efforts  on  special  work  of  limited  scope,  but  of 
such  a  character  that  the  results  shall,  as  far  as  possible,  have  an 
immediate  bearing  on  the  prepress  of  science.  In  recent  years,  as 
in  the  whole  of  its  past  history,  the  Institution  has  had  the  aid  of 
public-spirited  citizens  and  the  cooperation  of  other  institutiims 
and  of  the  several  branches  of  the  United  States  Government.  It 
has,  in  turn,  cooperated  with  other  organizations  in  the  explora- 
tions which  they  have  conducted,  being  itself  benefited  thereby  and 
benefiting  those  with  which  it  has  been  associated. 

In  recent  years  opportunities  have  been  afforded  for  participating 
in  a  number  of  exploring  and  hunting  expeditions  organized  by 
private  enterprise,  whereby  scientific  coUections  of  great  importance 
have  been  obtained.  These  collections,  with  those  from  other  sources, 
are  preserved  in  the  National  Museum  for  exhibition  to  the  public 
or  for  promoting  scieoitific  studies. 

The  field  of  these  activities  of  the  Institution  has  been  world-wide, 
but  attention  has  been  recently  concentrated  on  Africa  and  the 
Panama  Canal  Zone  rather  more  than  on  other  regions. 

8TDDIEB  IN  CAMBBIAN  OBOLOGY  AND  PALEONTOLOOY. 

During  the  field  season  of  the  fiscal  year  1911-12,  or  the  spring  and 
summer  of  1912,  I  continued  the  collecting  of  Cambrian  fossils  frcm 
the  famous  fossil  locality  above  Burgess  Pass,  fiorth  of  Field,  British 
Columbia,  on  the  main  line  of  the  Canadian  Pacific  Railway,  for  the 
first  two  weeks  of  July  and  three  weeks  in  September. 

On  the  way  to  the  Canadian  Northwest  I  stopped  off  for  a  few  days 
to  examine  the  locality  on  Steep  Rock  Lake,  140  miles  west  of  Port 
Arthur,  where  the  oldest  pre-Cambrian  fossiliferous  rocks  occur.  I 
had  made  a  small  collection,  when,  by  the  swamping  of  the  canoe  in 
which  we  were  working  in  the  rapids  of  the  Seine  River,  a  short  dis- 
tance from  the  lake,  Dr.  J.  W.  Truman,  my  guide  and  fellow  geolo- 
gist, of  the  Canadian  Survey,  was  drowned,  and  the  work  thus  most 
unfortunately  brought  to  a  close. 

Outfitting  at  Fitzhugh,  on  the  Grand  Trunk  Pacific  Railway,  I 
went  with  a  well-equipped  party  over  the  Yellowhead  Pass  on  the 
Continental  Divide,  leaving  the  line  of  the  railway  at  Moose  River, 
17  miles  west  of  the  Pass.  The  Moose  River  was  followed  up  to  its 
head  at  Moose  Pass,  where  we  passed  over  into  the  drainage  of  the 
Smoky  River,  making  several  camps  en  route.  The  final  camp  was 
made  at  Robson  Pass,  between  Berg  and  Adolphus  Lakes.  A  recon- 
naissance of  the  geological  section  from  Moose  Pass  to  the  summit  of 
Mount  Robson  gave  approximately  12,000  feet  in  thickness  of  the 
Cambrian  formations  and  3,000  feet  of  Lower  Ordovician  strata. 
Fossil  beds  were  found  at  several  localities  in  this  section,  and  oae 
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of  them  on  tiie  east  side  of  Mural  Glacier  promises  to  give  the  fisest 
specimens  from  the  Lower  Cambrian  rocks  of  the  western  side  of  the 
continent 

Many  photographs  were  taken  both  by  myself  and  Mr.  B.  C  W. 
Lett,  of  the  Grand  Tnmk  Pacific  Railway,  who  accompanied  the 
party  for  two  weeks. 

The  scenery  about  Mount  Robson  is  probably  the  finest  in  the 
Canadian  Rockies,  as  far  as  now  known.  The  glaciers  are'  on  a  grand 
scale,  and  the  geology  presents  many  large  problems  for  solution. 
My  object  in  visiting  the  Mount  Robson  region  was  to  secure  data 
for  comparison  of  the  section  of  Cambrian  rocks  there  with  that  on 
the  line  of  the  Canadian  Pacific  Railway,  150  miles  to  the  south. 

RAINET  AFRICAN   EXPEDITION. 

The  SmithsMiian  African  expedition,  under  Col.  Roosevelt,  had 
scarcely  returned  from  the  field  when  the  Institution  received  invi- 
tations to  participate  in  two  others,  organized  to  explore  the  same 
general  region. 

The  first  was  Mr.  Paul  J.  Rainey's  hunting  trip  to  British  East 
Africa  and  southern  Abyssinia,  where  Mr.  Rainey  especially  planned 
to  hunt  lions  with  a  pack  of  American  hounds.  The  natural-history 
collections  that  might  be  secured  were  offered  to  the  Smithsonian 
Institution,  provided  an  expert  field  naturalist  be  sent  to  accompany 
him  and  prepare  such  of  the  game  collected  as  was  desired  for  ex- 
hibition or  scientific  study.  Mr.  Edmund  Heller,  who  had  accom- 
panied the  Smithsonian  African  expedition  in  such  a  capacity,  was 
selected  and  departed  with  Mr.  Rainey  in  February,  1911.  The 
collection  made  has  been  estimated  to  contain  some  4,700  skins  of 
mammals,  together  with  many  birds,  reptiles,  and  other  animals, 
making  very  v^uable  additions  to  the  present  African,  collectitm  in 
the  Museum.  Nearly  all  of  the  material  is  from  localities  not 
covered  l^  earlier  expeditions,  and  some  of  it  comes  from  points 
never  before  visited  by  naturalists.  The  collection  includes  the 
famous  series  of  lions  taken  by  Mr.  Rainey  with  his  American 
hounds,  as  described  in  his  well-known  lectures.  There  are  tdso 
many  specimens  of  different  kinds  of  antelopes,  including  the  hart«- 
beests,  wildebeestes,  and  waterbucks,  as  well  as  buffaloes,  zebras, 
cheetahs,  monkeys,  and  rodents.  A  few  hippopotamus  and  rhinoceros 
skins  and  one  elephant  were  also  collected. 

A  large  number  of  birds  were  secured,  including  some  of  the  rarest 
species.  Many  are  game  birds,  among  them  guinea  fowls  and  fran- 
colins  (which  resemble  our  partridges),  and  plantain  eaters,  crows, 
bustards,  vultures,  vulturine  guinea  fowl,  owls,  hawks,  kites,  secre- 
tary birds,  hornbiUs,  pigeons,  parrots,  sun  birds,  flycatchers,  etc.,  are 
represented.    There  are  also  four  ostrich  eggs. 
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The  party  remained  in  the  field  nearly  a.  year,  having  sailed  from 
Xew  York  for  Mombasa  on  February  18,  1911,  and  dispersing  about 
February  15, 1912,  at  Nairobi. 

The  territory  traversed  -was  mostly  to  the  Tuarih  and  east  of  ihat 
covered  by  the  Smithsonian  expedition,  and  included  the  country 
lying  between  the  northern  part  of  British  East  Africa  and  southern 
Abyssinia. 

FEICK  AFRICAN  EXTBDmON. 

A  further  natural-history  expedition  to  Africa  was  that  of  Mr. 
Childs  Frick,  of  New  York,  whose  object  was  to  secure  a  collection 
of  animals  from  the  territory  lying  to  the  north  of  the  regions  visited 
by  Col.  Boosevelt  and  Mr.  Rainey,  covering  at  the  same  time  certain 
parts  of  Abyssinia,  northern  British  East  Africa,  and  the  country 
lying  about  Lake  Rudolf.  As  naturalist  of  this  party,  Dr.  Edgar  A. 
Meams,  of  the  Smithsonian  African  expedition,  was  chosen.  A  por- 
tion of  the  collection  of  birds  is  to  be  donated  to  the  Smithsonian 
Institution  by  Mr.  Frick,  and  already  several  hundred  specimens 
have  been  received. 

BIOLOGICAL  SURVEY   OF  THE   PANAMA    CANAL   ZONE. 

As  mentioned  in  my  last  report,  the  Institution  organized  in  1910 
a  biolc^ical  survey  of  the  Panama  Canal  Zone,  with  the  cooperation 
of  the  Departments  of  State,  Agriculture,  Cranmerce  and  Labor,  and 
War.  At  first  it  was  intended  to  confine  the  collections  to  the  Canal 
Zone  proper,  but  as  the  faunal  and  fioral  areas  extended  to  the  north 
and  south  of  this  region,  it  was  decided  to  carry  the  work  into  the 
Republic  of  Panama,  a  step  which  met  with  the  hearty  approval  of 
that  Republic.  The  work  accomplished  has  been  very  valuable  to 
science,  including  collections  and  observations  of  vertebrate  animals, 
land  and  fresh  water  mollusks,  and  plants,  including  flowering  plants, 
grasses,  and  ferns. 

During  the  past  year  the  botanists  have  continued  their  studies, 
and  collections  have  been  made  of  fishes,  reptiles,  and  amphibians, 
birds,  and  mammals,  and  special  studies  and  collections  have  been 
made  of  the  microscopic  plant  and  animal  life  of  the  fresh  waters  of 
the  zone. 

As  can  readily  be  imagined,  the  life  areas  on  the  zone  will  become 
confused  as  soon  as  the  canal  is  opened  and  the  waters  of  the  Pacific 
and  Atlantic  watersheds  are  intermingled.  It  is  particularly  im- 
portant on  that  account  that  the  present  geographical  distribution 
of  animals  luid  plants  be  recorded  prior  to  that  time,  and  this  is 
especially  true  as  regards  the  life  of  the  fresh  waters  and  the  sea- 
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Pamphlets  have  been  issued  from  time  to  time  descriptive  of  aome 
of  the  new  or  specially  interesting  forms  of  animals  and  plants  col- 
lected by  the  surrey,  and  as  soon  as  the  mass  of  material  has  been 
worked  up  it  is  proposed  to  publish  general  accounts  of  all  the  vari- 
ous collections,  and  also  one  or  more  volumes  containing  a  summary 
of  the  whcAe  fauna  and  flora  of  the  Canal  Zone. 

As  an  indication  of  the  biolt^cal  value  of  the  survey  of  the  zone 
I  may  mention  that  of  grasses  alone  about  150  species  were  collected, 
being  four  to  five  times  as  many  as  were  previoudy  known  frmn  that 
region.  In  the  collections  of  birds  and  mammals  there  are  likewise 
many  forms  new  to  science. 

SIBESIAN    EXPEDITION. 

Through  the  liberality  of  &  friend,  Mr.  Theodore  Lyman,  of  Cam- 
bridge, Mass.,  the  Instituti<m  has  been  enabled  to  participate  in  a 
zoological  expedition  to  the  Altai  Mountain  region  of  the  Siberia- 
Mongolian  border.  Central  Asia,  an  exceedingly  interesting  territory, 
from  which  the  National  Museum  at  present  has  no  collections.  A 
Museum  naturalist  was  detailed  to  accompany  him,  the  expenses  of 
the  expedition  being  borne  by  Mr.  Lyman,  and  the  natural-history 
collections  obtained  to  be  deposited  in  the  National  Museum.  Al- 
though this  expedition  had  not  completed  its  work  at  the  close  of  the 
fiscal  year,  yet  I  may  here  anticipate  some  of  its  results  by  stating 
that  the  Museum  will  probably  be  enriched  by  a  large  number  of 
interesting  specimens  of  birds  and  manmials. 

The  scene  of  the  survey  and  exploration,  the  Altai  Mountain  re- 
gion, is  a  particularly  wild  country  and  quite  unsettled,  although  it 
is  well  stocked  with  game.  These  mountains  are  inhabited  by  the 
largest  of  the  wild  sheep,  which,  with  the  ibex,  will  form  the  prin- 
cipal big  game  animals  sought  by  the  party,  but  a  general  collection 
of  smaller  mammals  and  of  birds  will  also  be  made. 

BOBNEO  EXFEDmON. 

For  more  than  10  years  past  Dr.  W.  L.  Abbott,  of  Philadelphia,  has 
been  exploring  the  Malay  Archipelago  and  has  given  all  his  natural- 
history  and  ethnological  collections  to  the  Smithsonian  Institution 
for  the  United  States  National  Museum.  These  collections,  so  far  an 
the  vertebrates  are  concerned,  are  the  most  important  ever  received 
by  the  Museum  from  any  one  person.  Through  illness,  Dr.  Abbott 
has  been  obliged  to  abandon  his  exploration,  but  his  interest  in  the 
Institution  has  not  abated.  He  has  engaged  the  services  of  a  col- 
lector and  placed  at  the  disposal  of  the  Institution  funds  for 
continuing  the  explorations  he  had  begun  in  Borneo, 

The  field  work  will  be  carried  on  in  eastern  Dutch  Borneo,  the 
natural  history  of  which  is  practically  unknown.    Nothing  relating 


BBPOBT  OF  TSE  BBCBETABT.  13 

tigeneral  subject.  There  is  now  in  preparation  by  Dr.  Leonard  Hill,_ 
i  associated  with  Dr.  Martin  Flack  and  other  investigators  of  the 
t  London  Hospital  Medical  College,  a  paper  discussing  the  results  of 
h  experiments  to  determine  the  influence  of  the  atmosphere  up<»i  our 
]F,health  and  comfort  in  confined  and  crowded  places. 
ir 

(J  SMITHSONIATT    TABU!    AT   NAPLES   ZOOLOGICAL    STATION. 

For  the  past  19  years  the  Smithsonian  Institution  has  maintained 
a  table  for  the  use  of  American  biologists  at  the  Naples  Zoological 
Station.  This  table  affords  exceptional  opportunities  fen:  the  study 
of  marine  life,  and  it  is  believed  that  through  its  use  the  cause  of 
biological  science  has  been  much  advanced. 

The  appointment  of  Dr.  Sergius  Morgulis,  a  Parker  Traveling 
Fellow  from  Harvard,  which  was  approved  for  the  months  of  May, 
June,  and  July,  was  continued  until  July  22,  1911. 

Dr.  Ch.  Zeleny,  of  the  University  of  Illinois,  who  "was  appointed 
for  one  month,  including  part  of  June  and  July,  continued  his  occu- 
pancy until  July  26,  1911.  At  the  close  of  the  fiscal  year  no  report 
had  been  received  from  Dr.  Zeleny  in  regard  to  the  work  accom- 
plished. 

Dr.  Femandus  Payne,  assistant  professor  of  zoology  at  the  In- 
diana noiversity,  carried  on  researches  at  Naples  during  the  months 
of  April,  May,  and  June,  1912.  His  studies  included ;  (a)  Selective 
fertilization,  (b)  Cleavage  factors,  and  (c)  Some  pressure  experi- 
ments. In  a  brief  report  on  his  worii,  Dr.  Payne  states  that  he  has 
(1)  completed  a  paper  on  "The  Chromosomes  of  Grylloptalpa 
boreatis"  (2)  collected  a  large  amount  of  material  on  GryUotalpa 
vrdgaris,  and  expects  to  study  the  questicm  of  synapsis,  ring  forma- 
tion, chondriosomea,  and  the  sex  chromosomes  in  this  form. 

When  the  same  period  is  selected  by  more  than  one  student  the 
earliest  application  is  considered  first,  the  approval  of  the  later  ones 
bectaning  necessarily  dependent  on  the  ability  of  the  station  to  pro- 
vide for  more  tiian  one  Smithsonian  appointee  at  the  same  time. 
It  should  he  added  that  the  obliging  courtesy  shown  in  this  connec- 
tion to  appointees  of  the  Smithsonian  Institution  by  the  director  of 
the  station  often  permits  appointments  to  the  seat  which  would  other- 
wise be  impracticable. 

The  prompt  and  efficient  aid  of  the  advisory  committee  in  examin- 
ing and  reporting  on  applicatic«is  ior  the  table  is,  as  it  has  always 
been,  of  great  service  to  tiie  Institution  and  is  very  gratefully  appre- 
ciated. 

The  Institution  has  renewed  the  lease  of  the  table  for  another 
period  of  three  years. 
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PUBLICATIONS. 

One  of  the  chief  agencies  of  the  Institution  in  promoting  "  the 
diffusion  of  knowledge  among  men  "  is  the  publication  and  distribu- 
tion throughout  the  world  of  the  series  of  "  Smithsonian  Contribu- 
tions to  Knowledge,"  the  "  Smithsonian  Miscellaneous  Collections," 
and  the  Smithsonian  Aniiual  Seport.  These  three  series  constitute 
the  publications  of  the  Institution  proper  and,  with  the  exception  of 
the  annual  report,  are  printed  entirely  at  the  expense  of  Smithsonian 
funds.  Other  publications  issued  under  the  direction  of  the  Insti- 
tution, but  at  the  expense  of  the  Qovemment,  include  the  Proceedings, 
Bulletin,  and  Annual  Seport  of  the  United  States  Kstional  Museum ; 
the  Bulletin  and  Annual  Report  of  the  Bureau  of  American  Ethnol- 
ogy ;  and  the  Annals  of  the  Astrophysical  Observatory. 

The  *'  Smithsonian  Contributions  to  Knowledge  "  is  a  quarto  series 
begun  in  1848,  which  now  comprises  35  volumes  of  about  600  pages 
each,  including,  up  to  the  present  time,  148  memoirs.  The  chief 
characteristic  of  these  memoirs  is  that  they  are  discussions  of  exten- 
sive original  investigations,  constituting  important  additions  to 
knowledge. 

The  "  Smithsonian  Miscellaneous  Collections  "  is  an  octavo  series 
containing  papers  of  varying  length,  from  two  or  three  pages  to  an 
entire  volume,  being  special  reports  on  particular  subjects  of  bio- 
'  logical  or  physical  research,  classified  tabular  compilations,  tables  of 
natural  constants,  bibliographies,  and  other  miscellaneous  informa- 
tion of  value  to  the  scientific  worker  or  student.  This  series  was 
begun  in  1862  and  now  numbers  60  volumes  of  about  800  pages  each, 
with  an  aggregate  of  several  thousand  artides. 

Limited  editions  of  each  memoir  in  the  "  Contributions  "  and  of 
articles  in  the  "  Collections "  are  distributed  to  specialists  in  the 
subjects  treated,  but  the  principal  distribution  of  these  series  during 
the  last  60  years  has  been  to  about  1,100  large  libraries  and  institu- 
tions of  learning  in  the  United  States  and  throughout  the  world. 

The  Annual  Report  of  the  Board  of  Regents,  known  as  the  Smith- 
sonian Report,  is  printed  under  congressional  appropriation  and  in 
much  larger  editions  than  the  other  series.  It  is  in  great  measure  a 
popular  work,  containing,  besides  the  official  report  on  the  business 
operations  of  the  Institution,  a  general  appendix  made  up  of  30  or 
more  original  or  selected  articles  bearing  on  particular  advances  in 
human  knowledge  and  discoveries  and  showing  the  progress  of 
science  in  all  its  branches.    It  is  a  publication  much  sought  after. 

Smithsonian  Contributions  to  Knowledge. — The  Langley  Memoir 
on  Mechanical  Fli^t,  which  bad  been  in  preparation  for  several 
years,  was  completed  and  published  in  August,  1911.  It  is  a  work 
of  330  pages  of  text  and  101  plates  of  illustrations.  It  is  the  third 
memoir  in  volume  27  of  the  "Contributions,"  following  Secretary 
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lADglej's  "Experiments  in  Aerodynamics,"  and  "The  Internal 
Work  of  the  Wind,"  published  in  1891  and  1893,  reBpectively.  The 
present  memoir  -was  in  prepar&tion  at  the  time  of  Mi-.  Langley's 
death  in  1906,  and  the  part  recording  experiments  from  1887  to  1896 
was  written  by  him.  The  chapters  discussing  experiments  from  1897 
to  1903  were  written  by  Mr.  Charles  M.  Manly^  who  became  diief 
assistant  to  Mr.  Langley  in  1898. 

In  the  preface  to  the  Memoir,  Mr.  Manly  says: 

Tbe  preseot  volume  on  Mechanical  Flight  coualata,  as  the  tltle-paKe  indicates. 
of  two  parts.  The  flret,  dealing  with  the  long  and  notable  series  ot  early  ex- 
periments with  small  models,  was  written  almost  entirely  by  Secretary  Uingley, 
with  the  assistance  of  Mr.  B.  C  Hntraker  and  Mr.  G.  L.  Fowler,  In  1897.  Siicb 
chapters  as  were  not  complete  have  been  flnlshed  by  the  writer  and  are  ea^Ij 
noted.  S3  they  are  written  In  the  third  person.  It  has  been  subjected  ooly  to 
Bach  revision  as  It  would  have  received  had  Mr.  I^agley  lived  to  soperrlse  this 
publication,  and  has  therefore  the  highest  value  as  an  historical  record.  The 
composition  of  the  second  part,  dealing  with  the  later  experiments  with  tbe 
original  and  also  new  models  and  the  constnictlon  ot  the  larger  aerodrome,  has 
necessarily  devolved  upon  me.  This  Is  In  entire  accordance  with  the  plan 
formed  by  Mr.  Langley  when  I  began  to  work  with  him  in  ISOS,  but  It  Is  to 
me  a  matter  of  sincere  regret  that  the  manuscript  In  Its  flnal  form  has  not  had 
the  advantage  of  his  criticism  and  suggestions.  If  the  reader  should  feel  that 
any  of  the  descriptions  or  statements  In  this  part  of  tlie  volume  leave  something 
to  be  desired  In  fullness  of  detail,  it  is  hoped  that  some  allowance  may  be  made 
for  the  fact  that  it  has  been  written  in  the  scanty  and  scattered  momenta  that 
could  be  snatched  from  work  in  other  lines  which  made  heavy  demands  nptm 
the  writer's  time  and  strength.  It  is  believed,  however,  that  sufficient  data 
are  given  to  enable  any  competent  englaeer  to  understand  thoroughly  even  tbe 
most  complicated  phases  of  the  work. 

Persons  who  care  only  for  the  accomplished  fact  may  be  inclined  to  underrate 
tbe  interest  and  valne  of  this  record.  But  even  they  may  be  reminded  that  but 
for  such  patient  and  unremitting  devotion  as  is  here  enreglstered  the  now 
accomplished  tact  of  mechanical  fll^t  would  stUl  remain  the  wild  unrealized 
dream  which  It  was  for  so  many  cwturies. 

To  such  men  as  Mr.  langley  an  unsncceestnl  txpexlment  Is  not  a  failure,  but 
a  means  of  Instruction,  a  necessary  and  oftm  on  Invaluable  stepping  stone  to 
tbe  desired  end.  The  trials  of  the  large  aerodrome  In  tbe  sutumn  of  1903,  to 
which  tbe  cnrlodty  of  tbe  public  and  the  sensationalism  of  tbe  newspapers  gave 
a  character  of  flnality  never  desired  by  Mr.  langley,  were  to  bim  merely  mem- 
t>ers  of  a  long  series  of  ex[»erlmentB,  as  much  so  as  any  trial  of  one  of  the  small 
aerodromes  or  even  of  one  ot  the  earliest  rubber-driven  models.  Had  hta 
health  and  strength  been  spaced,  be  would  have  gone  on  with  his  experiments 
andlscou  raged  by  these  accidents  In  launching  and  undeterred  by  criticism  and 
ml  snnderstanding. 

Moreover,  It  Is  to  be  borne  In  mind  that  Mr.  langley's  contribution  to  the 
Bolatlon  ot  the  pr(4>Iem  Is  not  to  t>e  measured  solely  by  what  he  himself  accom- 
plished, important  as  that  is.  He  began  his  investigations  at  a  time  when  uQt 
only  the  general  public  but  even  the  most  progressive  men  of  science  thought  of 
mechanical  flight  only  as  a  subject  for  ridicule,  and  both  by  his  epoch-making 
lavestlgationB  In  aerodynamics  and  by  his  devotion  to  the  subject  of  flight 
itself  he  helped  to  trausform  into  a  field  of  scientific  Inquiry  what  bad  before 
been  almost  entirely  in  the  possession  of  visionaries. 
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The  orlelnal  plans  for  this  publication  provided  for  a  third  part;  covering  the 
experimental  data  obtained  tn  tests  of  curved  sartaces  and  propellers.  Owli^ 
to  the  preasure  of  other  mattera  on  the  writer,  the  preparation  of  this  third 
part  iB  not  yet  complete  and  la  reserved  for  later  pnblicatloiL 

Smithaonian  Miacellaneous  CoUectums. — In  this  series  there  were 
published  during  the  past  year  35  papers  forming  parte  of  three 
volumes  and  covering  a  wide  range  of  topics.  I  may  mention  the 
Hamilton  lecture  by  Dr.  Simon  Flexner  on  "  Infection  and  Recovery 
from  Infection,"  three  papers  by  your  secretary  on  Cambrian  Gieology 
and  Paleontology,  several  papers  descriptive  of  new  genera  and  spe- 
cies of  birds,  mammals,  and  other  animals  and  plants  from  Smith- 
sonian expeditions  in  the  Panama  Canal  Zone,  Africa,  and  Canada, 
OS  enumerated  in  the  editor's  report  on  another  page,  and  an  Inter- 
esting paper  on  "  The  Natives  of  the  Kharga  Oasis,  Egypt,"  by  Dr. 
Hrdlii^ka,  who  discusses  the  physical  measurements  and  other  obser- 
vations made  by  him  on  these  people  dwelling  in  an  oasis  130  nules 
west  of  Luxor,  the  ancient  Thebes.    £>r.  Hrdlicka  says: 

The  type  of  the  Kharga  natives  Is  radically  distinct  from  that  of  the  negro. 
It  Is,  according  to  all  indications,  fandamentally  the  same  as  that  of  the  non- 
negroid  Valley  Egyptians.  It  is  in  all  probability  a  composite  of  closely  related 
norttieastem  African  and  sonthwestem  Asiatic,  or  "hamltic"  and  "Semitic" 
ethnic  elements,  and  is  to  be  classed  with  these  as  part  of  the  southern  extension 
of  the  Mediterranean  snbdlvlsfon  of  the  white  race. 

Jndglng  from  the  mnmmles  of  the  Oasis  Inhabitants  from  the  second  to  fifth 
centuries  A.  D.,  exhumed  at  El  Baguat,  the  type  of  tlie  present  nonneKrold 
Eharga  natives  Is  substantially  the  same  as  that  of  the  population  of  the 
Oasis  daring  the  first  part  of  the  Christian  era.  The  nature  of  the  popnlatlon 
of  the  Oasis  la  more  ancient  times  can  only  be  determined  by  skeletal  material 
from  the  ancleut  cemeteries. 

Smithsonian  report. — The  annual  report  for  1910,  issued  during 
the  past  year,  contained  in  the  general  appendix  34  interesting 
papers  of  the  usual  high  character,  and  of  many  of  them  it  was  neces- 
sary to  publish  extra  editions  to  meet  the  public  demand.  The  re- 
port for  1911  was  all  in  type  before  the  year  closed,  but  unavoidable 
delays  prevented  its  publication. 

Zoological  noTneTwlatiire. — In  continuation  of  the  series  of  Opin- 
ions Rendered  by  the  International  CcHumission  <m  Zoological 
Nomenclature,  there  were  published  two  pamphlets  ccmtaining  Opin- 
ions 30  to  87  and  38  to  51.  The  Institution  cooperates  with  this 
c<Hnmission  by  providing  clerical  assistance  for  its  secretary  in 
Washington  and  in  the  publicati(Hi  of  its  Opinicms.  In  connection 
with  the  summary  of  each  opinion  there  is  printed  a  statement  of 
the  case  and  the  discussion  thereon  by  members  of  the  commission. 
-  The  rules  to  be  followed  in  submitting  cases  for  opinion^  as  laid 
down  by  the  commission  are  as  follows : 

I,  Dr.  Ch.  Warden  BtUct, 
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L  The  commlBslon  does  not  undertake  to  act  as  a  blbliograptiic  or  nomen- 
ctataral  bureaa,  bat  rather  as  an  adviser  In  connectioa  wltb  tbe  more  difficult 
and  disputed  cases  of  nomenclature. 

2.  All  cases  mibmttted  sbould  be  accompanied  by  (a)  a  concise  statement 
of  the  point  at  issue,  (b)  the  full  arguments  on  both  sides  In  case  a  disputed 
point  ts  Involved,  and  (c)  complete  and  exact  blbllograpMc  references  to  every 
book  or  article  bearing  on  tbe  point  at  Issne. 

The  more  complete  the  data  when  tbe  case  Is  snbmltted  tbe  more  pnnnptlr 
can  It  be  acted  upon. 

3.  Of  necessity,  cases  submitted  witb  incomplete  bibliographic  refer^ices 
can  not  be  studied  and  must  be  returned  by  the  commission  to  the  sender. 

4.  Cases  upon  which  an  opinion  Is  desired  may  be  erat  to  any  member  of 
the  commission,  but — 

5.  In  order  that  the  work  of  tbe  commission  may  be  confined  as  much  as 
possible  to  the  more  difficult  and  the  disputed  cases,  it  is  urged  that  zoologists 
study  the  code  and  settle  for  themselves  as  many  cases  as  possible. 

MueeUTn  publications. — There  were  published  during  the  year  the 
annual  report  of  the  assistaDt  secretary  in  charge  of  the  National 
Museum  for  1911,  50  miscellaneous  papers  of  the  Proceedings,  3 
Bulletins,  and  5  parts  of  Contributions  from  the  National  Herbarium. 

Ethnological  publications. — The  "Bureau  of  American  Ethnolt^y 
published  the  Twenty-seventh  Aimual  Report,  containing  a  paper  on 
"The  Omaha  Tribe,"  and  Bulletin  47  on  the  Biloxi  and  Ofo 
language^ 

Reports  of  historical  and  patriotic  societies. — ^In  accordance  with 
the  national  charters  of  the  American  Historical  Association  and 
the  National  Society  of  the  Daughters  of  the  American  EevolutiOTi, 
annual  reports  of  those  organizations  were  submitted  to  the  Institu- 
tion and  communicated  to  Congress. 

Committee  on  printing  and  piiblicaiion. — ^The  advisory  committee 
on  printing  and  publication  under  the  Smithsonian  Institution  has 
continued  to  examine  manuscripts  proposed  for  publication  by  the 
branches  of  the  Institution  and  has  considered  various  questions 
concerning  public  printing  and  binding.  Twenty-one  meetings  of 
the  committee  were  held  during  the  year  and  156  manuscripts  were 
passed  upon.  The  personnel  of  the  committee  is  as  follows:  Dr. 
Frederick  W.  True,  Assistant  Secretary  of  the  Smithsonian  Institu- 
tion, chairman;  Mr.  C.  Q.  Abbot,  Director  of  the  Astrophysical 
Observatory;  Mr.  W,  I.  Adams,  disbursing  officer  of  the  Smithsonian 
Institution;  Dr.  Frank  Baker,  superintendent  of  the  National 
Zoological  Park;  Mr.  A.  Howard  Clark,  editor  of  the  Smithsonian 
Institution;  Mr.  F.  W.  Hodge,  ethnologist  in  charge  of  the  Bureau 
of  American  Ethnology;  Dr.  George  P.  Merrill,  head  curator  of 
geology.  United  States  National  Museum;  and  Dr.  Leonhard 
Stejneger,  head  curator  of  biology,  United  States  National  Musemn. 

Allotments  for  printing. — ^The  allotments  to  the  Institution  and  its 
branches,  under  the  head  of  "  Public  printing  and  binding,"  during 
the  past  fiscal  year,  aggregating  $72,900,  were,  as  far  as  practicable, 
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expended  prior  to  June  30.    The  allotments  for  the  year  ending 

June  30,  1913,  aggregating  $74,900,  are  as  follows : 

Tot  the  Smltbaonlan  Instltatton,  for  printing  and  binding  asnoal  re- 
ports of  the  Board  of  Begents,  witb  general  appendixes $10, 000 

for  the  annual  reports  of  the  Nntlonal  Mureuni,  with  g«ieral  appen- 
dlzee,  and  for  printing  labels  and  blanks,  and  for  the  bulletins  and 
proceedings  of  the  National  Musetim,  the  editions  of  which  shall  not 
exceed  4,000  copies,  and  binding,  in  half  torkey  or  material  not  more 
ocpoialre,  scientific  boofcs  and  pamphlets  presented  to  or  acquired 
by  the  National  Museum  library 34,000 

For  the  annoal  reports  and  bnlletins  of  the  Barean  of  American  Bth- 
nol(%y,  and  for  miscellaneous  printing  and  binding  for  the  bureau 21,000 

For  mtscellaneouB  printing  and  binding: 

Intematlwial  Exchanges 200 

International  Catalogue  of  Scl«itiflc  Literature JOO 

National  Zoological  Park 200 

For  mlBcella  neons  printing  and  binding  for  the  Aatrophyslcal  Observa- 
tory, $400,  and  for  1,EKK)  copies  of  TOlutne  3  of  tbe  Annals  of  the 
Aatrophyslcal    Observatory,   $2,000 2,400 

For  the  aunual  r^Kirt  of  the  American  Hiatorlcal  Association 7.000 


Diatrihution  of  publicaiW7i8.~-There  was  under  discussion  before 
cwnmittees  of  Congress  at  the  close  of  the  6scal  year,  and  later 
enacted  into  law,  certain  proposed  measures  which  particularly  affect 
the  practice  of  the  Institution  and  it  branches  in  the  distribution  of 
publicaticms.  As  finally  passed  by  Congress  the  law  requires  that 
all  Government  publications  must  be  mailed  from  the  Government 
Printing  Office,  mailing  lists  or  labels  being  forwarded  to  the  Super- 
intendent of  Documents  for  that  purpose. 

At  the  Regents'  meeting  in  February  last,  the  secretary  called  the 
attention  of  the  board  to  the  proposed  legislation  and  stated  that  the 
publications  of  the  Institution  are  not  an  incidental  result  of  its 
work  but  something  planned  for  and  systematically  executed.  The 
Institution  keeps  in  touch  with  all  the  principal  scientific  and  art 
establishments  of  the  world,  and  witb  experts  in  science  and  art 
who  are  promoting  work  in  a  line  with  its  own,  or  who  are  in  posi- 
tions to  help  in  securing  collections,  infonnation,  or  advice.  The 
actual  labor  of  wrapping,  labeling,  and  handling  the  Smithsonian 
repwi  had  been  furnished  by  the  Institution  and  not  by  the  Govern- 
ment, and  it  was  feared  that  the  transfer  of  the  actual  work  of 
distribution  of  the  publications  of  the  Institution  and  its  branches 
to  another  establishment  would  distinctly  tend  to  defeat  the  weU- 
considered  plans  under  which  it  has  been  conducted  heretofore. 

The  law  as  enacted  requires  the  transfer  to  the  Public  Printer  by 
October  1  of  all  publications  on  hand,  and  that  distribution  shall 
thereafter  be  made  from  his  office.  This  measure  does  not,  however, 
apply  to  the  two  series  of  publications  published  at  the  private 
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expense  of  the  Institution.  The  questitm  in  the  main  seems  to  be  one 
affecting  the  promptness  of  distribution,  which  is  of  primary  im- 
portance in  the  case  of  scientific  works,  and  it  is  hoped  no  serious 
disadvantages  ma;  result  by  the  adoption  of  the  new  law. 


The  library  of  the  Smithsonian  Institution  is  made  up  of  sevwal 
constituent  parts.  The  most  important  of  these  are  the  Smithsonian 
deposit  in  the  Library  of  Congress  and  the  libraries  of  the  National 
Museum  and  Bureau  of  American  Ethnology.  There  was  added  to 
the  Smithsonian  deposit  during  the  past  year  a  total  of  21,863  pub- 
lications, the  equivalent  of  14,560  volumes,  consisting  very  largely 
of  works  on  the  various  branches  of  science  and  art. 

To  the  Museum  library  there  were  added  1,791  books,  8,608  pam< 
phlets,  and  276  parts  of  volumes,  making  the  present  total  in  that 
library  about  42,000  volumes,  70,000  unbound  papers,  besides  manu- 
scripts, maps,  charts,  and  other  material.  Arrangements  are  being 
made  to  divide  the  Museum  library  into  two  principal  parts  by  as- 
sembling all  books  on  zoology,  paleontology,  geology,  ethnology,  and 
archeology  in  the  new  building. 

LANOLBI  HBHORIAL  TABLET. 

A  design  in  plaster  for  the  memorial  tablet  commemorative  of  the 
aeronautical  work  of  the  late  Secretary  Langley  was  submitted  at 
the  December  meeting  of  the  Regents  by  the  sculptor,  Mr.  John 
Flanagan,  and  accepted  by  the  committee  appointed  by  the  board. 
The  tablet  will  be  cast  in  bronze  and  erected  in  the  vestibule  of  the 
Smithsonian  building.  The  tablet,  which  is  in  relief,  measures  4 
feet  6  inches  high  hj  2  feet  5  inches  wide.  It  represents  Mr.  Langley 
seated  on  a  terrace  where  he  has  a  clear  view  of  the  heavens,  and  in 
a  meditative  mood  is  observing  the  flight  of  birds,  while  in  his  mind 
be  sees  his  aerodrome  soaring,  above  them. 

The  lettering  upon  the  tablet  is  as  follows: 

BAiniHL  FIERPONT  LANGLBT 

lSSl-1906 

Secretary  ot  tbe  Smltbeonlan  Instltotlon 

1887-1906 

Dlacovered  the  relatloDi  of  speeA  end  angle  of  iDdlnatloQ  to  the  lifting  power 

of  surfaces  mOTlDg  in  air 


**  I  bave  brongtat  to  a  close  the  pordtm  of  the  work  which  seemed  to  be  sp»- 
ciallj  mlne^  tbe  demonstration  ot  the  practlcabUItT  of  mechanical  flight 
"  The  great  onlversal  tiighway  OTerlwad  is  now  soon  to  he  opoied."— 
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EAMIim>N  LECTUBB. 

The  third  Hamilton  fund  lecture  of  the  Smithsonian  Institution 
was  delivered  by  Dr.  Simon  Flexner,  of  the  Rockefeller  Institute 
for  Medical  Research,  in  the  auditorium  of  the  United  States 
Xational  Museum,  February  8,  1912. 

The  title  of  the  lecture  was  "  Infection  and  Recovery  fr<Hn  Infec- 
tion," an  investigation  to  which  Dr.  Flexner  has  given  especial  study 
for  several  years. 

In  his  treatment  of  this  vital  and  interesting  subject  the  speaker 
covered  a  broad  field  of  medical  science,  and  at  the  same  time  ex- 
pressed himself  in  such  a  manner  as  to  be  intelligible  to  laymen. 
Dr.  Flexner  touched  upon  the  following  points : 

The  part  played  by  bacteria,  protozoa,  and  submicroscopic  para- 
sites in  causing  infection  was  described,  and  emphasis  laid  upmi  the 
occurrence  on  the  surface  of  the  body  of  many  kinds  of  disease- 
producing  germs.  The  manner  in  which  they  are  excluded  by  skin 
and  mucous  membranes  was  discussed,  as  well  as  their  ability  to 
enter  the  body  by  these  channels  when  they  were  imperfect.  In  this 
way  a  variety  of  diseases  is  produced,  including  diphtheria,  menin- 
gitis, and  probably  infantile  paralysis.  The  germs  that  enter  the 
body  encounter  a  second  and  even  more  efficient  set  of '  defenses 
in  the  blood  with  its  devouring  white  corpuscles.  When  disease 
appears,  in  spite  of  and  because  of  inadequacy  in  the  defensive 
mechanisms,  then  the  body,  under  the  inSuence  of  the  parasitic  germs, 
seta  about  creating  new  defensive  principles  through  the  process  of 
immunization.  It  is  immunization  that  vaccination  produces,  which 
is  a  protection  to  smallpox ;  and  it  is  through  purposive  immunization 
of  animals  that  the  curative  serums  are  prepared,  that  by  injection 
bringing  about  an  artificial  and  premature  cessation  of  such  diseases 
as  diphtheria  and  epidemic  meningitis.  The  part  played  by  insects 
in  transmitting  malaria,  yellow  fever,  typhus  fever,  and  relapsing 
fever  was  sketched,  and  the  varying  susceptibilities  to  disease  of 
different  races,  species,  and  individuals  dwelt  on  and  in  part  ex- 
plained, on  the  basis  of  known  facts  of  immunity  to  and  virulence 
of  the  germ  causes  of  disease. 

The  above  is  the  third  of  the  series  of  Hamilton  lectures.  In  1871 
James  Hamilton,  a  retired  lawyer  of  Carlisle,  Pennsylvania, 
bequeathed  $1,000  to  the  Smithsonian  Institution,  the  interest  of 
which  was  to  be  appropriated  biennially  by  the  secretary  for  some 
contribution,  paper,  or  lecture  on  any  scientific  or  useful  subject 
which  he  might  select.  As  the  sum  was  somewhat  limited  to  ade- 
quately carry  oat  the  donor's  wishes,  the  interest  was  allowed  to 
accumulate  until  the  amount  was  doubled,  and  the  Institution  then 
created  a  series  of  lectures,  known  as  the  Hamilton  Fund  Lectures. 
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The  Erst,  by  Dr.  Andrew  D.  White,  on  "  The  diplomatic  service  of 
the  United  States,  with  some  hints  toward  its  reform,"  was  given 
in  1905,  and  the  second,  by  Dr.  George  E.  Hale,  on  "  Some  recent 
contributions  to  our  knowledge  of  the  Sun,"  was  delivered  in  1908. 
INTDBNATIONAL  0ONOHE88B8  AM)  OBLEBRATIONS. 

The  Institution  each  year  receives  invitations  to  numerous  scien- 
tific congresses  and  celebrations  in  the  United  States  and  abroad,  but 
as  funds  are  not  available  for  the  expenses  of  delegates  few  of  these 
invitations  can  be  accepted.  In  some  instances,  however,  it  is  pos- 
sible to  arrange  for  representation  by  collaborators  of  the  Institution 
who  are  visiting  the  localities  on  official  or  private  business. 

Congress  of  Americanists. — Dr.  AleS  Hrdli6ka  was  appointed 
representative  of  the  Institution  and  designated  as  delegate  of  the 
United  States  to  the  Eighteenth  International  Congress  of  Ameri- 
canists-held in  Ijondon  May  27  to  June  1,  1912.  In  addition  to  Dr. 
Hrdlicka,  the  State  Department  also  designated  Miss  Alice  Fletcher, 
Dr.  George  Grant  MacCurdy,  Dr.  Edgar  L.  Hewett,  Dr.  G.  B.  Gor- 
don, Rev.  Charles  W.  Currier,  Prof.  Marehall  H.  Saville,  and  Dr. 
Charles  Peabody  as  delegates  on  the  part  of  the  United  States  at 
that  congress. 

The  Nineteenth  International  Congress  of  Americanists  has  been 
invited  to  meet  in  Washington  in  1914,  and  Mr.  W.  H.  Holmes,  Mr. 
F.  W.  Hodge,  and  Dr.  Ale§  Hrdli<!ka  have  been  appointed  an  auxili- 
ary committee  to  represent  the  Smithsonian  Institution  in  connection 
with  tbe  preliminary  arrangement  of  details  respecting  the  proposed 
meeting. 

Academy  of  Natural  Sciences  of  Philadelphia. — The  Academy  of 
Natural  Sciences  of  Philadelphia  held  its  centenary  anniversary  in 
Philadelphia,  March  19,  20,  and  21,  1912.  At  this  celebration  the 
Institution  and  its  branches  were  represented  by  the  secretary.  Dr. 
Charles  D.  Walcott;  Dr.  Kichard  Rathbun,  assistant  secretary  in 
charge  of  the  United  States  National  Museum;  Dr.  Frederick  W. 
True,  assistant  secretary  in  charge  of  Library  and  Exchanges;  Mr. 
Frederick  W.  Hodge,  ethnologist  in  charge,  Bureau  of  American 
Ethnology;  and  Dr.  Leonhard  Stejneger,  head  curator  of  biology, 
United  States  National  Museum ;  and  Dr.  Theodore  N.  GiU,  associate 
in  Zoology,  United  States  National  Museum.  The  secretary  also 
represented  the  American  Philosophical  Society  on  this  occasion. 

ArcheologicfU  Congress. — At  the  request  of  the  Institution,  the 
State  Department  designated  Prof,  Arthur  L.  Frothingham  and 
Prof.  George  M.  Whicher  as  delegates  on  the  part  of  the  United 
States  to  the  Third  Intematitmal  Arcbeological  Congress  at  Home, 
October  9  to  16, 1912. 
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Prehistoric  Anthropology. — ^Dr.  Alfe  HrdliCka,  Dr.  Charles  Pea- 
body,  and  Dr.  George  Grant  MacCnrdy  were  appointed  representa- 
tives of  the  Smithsonian  Institution  to  the  Foarteenth  International 
Congress  of  Prehistoric  Anthropology  and  Archeology  at  Geneva, 
September  9  to  15, 1&12. 

Concfress  of  Orientalists. — ^Dr.  Paul  Hanpt  was  appointed  repre- 
eentative  of  the  Smithsonian  Institution  and  designated  as  delegate 
of  the  United  States  at  the  Fifteenh  International  Congress  of 
Orientalists,  held  at  Athens,  April  7  to  14,  1912.  Additional  dele- 
gates on  the  part,  of  the  United  States  were  Prof.  E.  Washburn  Hop- 
kins, Prof.  A.  V.  W.  Jat^son,  and  Prof.  Morris  Jastrow,  jr.  (Un- 
foreseen circumstances  later  prevented  Prof.  Jackson  from  attending.) 

Congress  on  Hygiene  and  Demography. — ^The  Fifteenth  Inter- 
national Congress  on  Hygiene  and  Demography  was  invited  by  the 
Government,  through  the  State  Department,  to  meet  in  Washington. 
September  23  to  28,  1912.  I  accepted  the  invitation  of  the  depart- 
ment to  serve  as  a  member  of  the  committee  on  organization.  Mr. 
W.  H.  Holmes,  head  curator  of  anthropology  in  the  National 
Museum,  has  been  appointed  as  representative  of  the  Smithsonian 
Institution  on  the  interdepartmental  committee  to  consider  the 
preparation  of  exhibits  for  the  congress.  At  the  close  of  the  fiscal 
year,  June  30, 1912,  arrangements  for  the  congress  were  well  in  hand. 

Congress  on  Applied  Chemistry. — In  connection  with  the  Eighth 
Interaaticmal  Congress  of  Applied  Chemistry,  to  be  opened  in  Wash- 
ington September  4,  1912,  and  subsequent  meetings  closing  in  New 
Tork  City  September  13,  Prof.  F.  W.  Clarke  has  been  designated  as 
representative  of  the  Institution,  and  I  have  accepted  an  invitation 
to  attend  personally. 

Royal  Society. — Dr.  Arnold  Hague,  of  the  United  States  Geo- 
logical Survey,  was  appointed  a  representative  of  the  Smithsonian 
Institution  at  the  ccHnmemoration  of  the  two  hundred  and  fiftieth 
anniversary  of  the  foundation  of  tiie  Royal  Society  of  London,  July 
16  to  18,  1912. 

GEORGE  WASHINGTON  JJEMORIAL  BUILDrNG. 

There  is  now  pending  in  the  House  of  Representatives  a  bill 
passed  by  the  Senate,  April  15,  1912,  granting  to  the  George  Wash- 
ington Memorial  Association  permission  to  erect  on  the  Government 
reservation  known  as  Armory  Square,  a  memoria]  building  to  ccst 
not  less  than  $2,000,000,  "  where  large  conventions  or  in  which  large 
public  functions  can  he  held,  or  where  the  permanent  headquarters 
and  records  of  national  organizations  can  be  administered."  By  the 
provisions  of  the  bill  the  control  and  administration  of  the  building 
would  be  vested  in  the  Board  of  Regents  of  the  Smithsonian  Insti- 
tution, and  the  association  is  to  provide  **  a  pennanent  endowment 
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fund  of  not  less  than  $500^000,  to  be  administered  by  the  Board  of 
Regents  of  the  Smithstmian  Institution,  the  income  from  which  shall, 
as  far  as  necessary,  be  used  for  the  maintenance  of  said  building." 

There  is  need  in  Waahingtoii  of  such  a  Btrnctnre  as  here  proposed. 
It  would  be  a  fitting  memorial  to  George  Washington — ^the  gathering- 
place  and  headquarters  for  patriotic,  scientific,  medical,  and  other 
organizations  interested  in  promoting  the  welfare  of  the  American 
people,  the  development  of  the  country  in  science,  literature,  and  art. 

NATIONAL  MUSEUM. 

The  past  year  was  marked  by  a  new  feature  in  the  administration 
of  the  National  Museimi — its  opening  to  the  public  on  Sundays. 
This  measure  had  long  been  advocated  without  effect,  and  even  now 
the  practice  must  be  for  a  time  limited  to  the  new  building.  Public 
appreciation  was  evidenced  on  the  first  day  of  Sunday  -opeiung, 
October  8,  1911,  by  the  presence  of  15,467  visitors,  llie  average 
number  of  visitors  on  Sundays  up  to  the  close  of  the  year  was  1,666, 
as  compared  with  693  on  week  days. 

There  was  added  to  the  permanent  collections  of  the  Museum  a 
total  of  238,000  specimens  and  objects,  an  increase  of  10,000  over  the 
year  preceding.  Of  these  accessions  about  168,000  were  biological, 
63,000  geological  and  paleontological,  and  7,000  anthropological. 
A  large  number  of  valuable  temporary  additions  in  the  form  of  loans 
were  made  to  the  National  Gallery  of  Art,  to  the  collection  of  art 
textiles,  and  to  those  of  the  diri^on  of  history.  Among  the  acces- 
sions that  I  may  specially  mention  are  the  first  aeroplane  (Wright) 
acquired  by  the  Government;  important  memorials  of  Gens.  Ganse- 
voort  and  Custer,  Rear  Admirals  Foote  and  Schley,  Commanders 
Maury  and  Hosley,  and  other  eminent  soldiers  and  sailors,  and 
mementos  of  the  Washington,  Ball,  Cropper,  McLane,  Bradford, 
and  Bailey-Myers-MaBon  families;  some  interesting  Polish  coins 
dating  from  1386  to  1835 ;  and  a  very  large  and  unique  series  of  post- 
age stamps  and  other  objects  relating  to  the  operation  of  the  United 
.States  Postal  Service.  There  were  also  received  about  4,000  mam- 
mals, besides  birds,  reptiles,  fishes,  and  invertebrates  from  the  Paul  J. 
Rainey  expedition  to  British  East  Africa ;  a  large  collection  of  Cam- 
brian fossils;  and  an  unrivaled  collection  of  some  75^000  specimens 
of  fossil  echnioderms  deposited  by  Mr.  Frank  Springer.  From  the 
Bureau  of  Fisheries  were  received  extensive  and  important  collec- 
tions of  fishes  from  Japan  and  the  Philippines  and  over  27,000  speci- 
mens of  marine  invertebrates.  Other  additions  of  importance  are 
noted  by  the  assistant  secretary  in  his  report  on  another  page. 

About  three-fourths  of  the  exhibition  space  In  the  new  building 
has  already  been  made  accessible  to  the  public,  and  before  the  close 
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of  another  year  it  is  expected  that  the  laat  of  the  halls  will  be 
opened.  The  installations,  however,  are  to  a  large  extent  provisional 
and  much  work  will  still  remain  to  be  done  to  complete  their  per- 
manent arrangement. 

By  the  transfer  of  the  nataral  history  and  anthropological  exhibits 
to  the  new  building,  space  has  become  available  in  the  older  buildings 
for  the  better  exhibition  of  the  large  collections  of  the  department  of 
arts  and  industries.  The  very  interesting  series  of  objects  commemo- 
rative  of  eminent  Americans  and  of  important  events  in  the  history 
of  the  United  States;  the  collections  illustrative  of  art  textiles, 
graphic  arts,  and  ceramics,  as  well  as  Erearms,  electrical  inventions, 
and  other  technological  material  may  now  receive  more  attention 
and  be  more  adequately  displayed  than  has  heretofore  been  prac- 
ticable. 

The  picture  gallery  in  the  new  building,  constituting  the  National 
GaUery  of  Art,  continues  to  grow  in  public  interest  and  importance. 
A  special  exhibition  of  part  of  the  collection  of  American  and 
oriental  art  presented  to  the  Nation  by  Mr,  Charles  L.  Freer  was  held 
from  April  15  to  June  15.  The  objects  displayed  included  38  paint- 
ings by  Whistler,  Tryon,  and  others,  13  Japanese  paintings,  36  Chi- 
nese paintings,  a  number  of  Chinese  bronzes,  one  dating  back  to 
1766-1122  B.  C,  and  examples  of  Chinese,  Persian,  and  Mesopota- 
mian  pottery,  ancient  Egyptian  glass,'and  Persian  and  Indo- Persian 
illuminations.  Mr.  William  T.  Evans,  of  New  York,  has  made  10 
important  additions  to  hia  collection  of  works  of  contemporary 
American  painters,  now  numbering  137  pieces  by  98  artists. 

A  meeting  in  memory  of  Mr.  Francis  D.  Millet,  lost  in  the  Titanic 
disaster,  was  held  in  the  auditorium  of  the  new  building  on  the  even- 
ing of  May  10, 1912,  under  the  auspices  of  The  American  Federaticn 
of  Arts,  when  addresses  were  made  by  Senators  Boot  and  Lodge,  and 
others.  On  this  occasion  I  called  attention  to  the  valuable  services 
rendered  to  the  Smithsonian  Institution  by  Mr.  Millet  as  chairman 
of  the  advisory  committee  of  the  National  GaUery  of  Art. 

Meetings  of  a  number  of  scientific  organizations  were  held  as  usual 
in  the  auditorium,  including  the  usual  annual  April  meeting  of  the 
National  Academy  of  Sciences,  the  annual  meeting  of  the  Amraican 
Association  for  the  Advancement  of  Science,  the  American  Institute 
of  Architects,  and  the  Red  Cross  c<Miference. 

On  March  28  and  29  the  Washington  Academy  of  Sciences  held  a 
conversazione  and  an  exhibition  of  important  recent  apparatus, 
methods,  and  results  pertaining  to  the  scientific  investigations  carried 
on  by  the  different  Government  bureaus  and  scientific  institutions  of 
Washington. 

Models  and  pictures  of  designs  for  the  memorials  to  Abraham  Lin- 
coln and  Commodore  Perry  were  exhibited  in  several  rooms  of  the 
new  building  and  attracted  much  public  attention. 
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The  publications  issued  induded  the  annual  report  for  1911, 
numerous  papers  of  the  Proceedings,  and  several  Bulletins,  which 
will  be  enumerated  in  detail  in  the  usual  volume  devoted  to  the  oper- 
ations of  the  Nati<Hial  Museum. 

BUREAU  OF  AMERICAN  ETHNOLOGY. 

The  operations  of  the  Bureau  of  American  Ethnology  during  the 
last  year  are  stated  in  detail  on  another  page  by  the  ethnolo^st-in- 
charge  of  that  branch  of  the  Institution's  activities.  The  systematic 
researches  bearing  on  the  history,  languages,  manners,  and  customs 
of  the  American  Indians  cover  a  wide  range,  and  the  results  of  these 
studies  are  published  as  soon  as  completed.  Since  the  organization 
of  the  bureau  under  the  Smithsonian  Institution  in  1879,  27  annual 
reports  in  82  royal  octavo  volumes  have  been  issued,  and  more  than 
50  bulletins,  the  collection  comprising  a  most  valuable  ethnological 
library.  The  demand  for  the  "  Handbook  of  American  Indians," 
which  is  printed  in  two  volumes,  has  so  far  exceeded  the  authorized 
edition  that  a  measure  has  been  introduced  and  is  now  pending  in 
Congress  for  reprinting  it. 

The  recent  field  work  of  the  bureau  includes: 

(1)  A  visit  to  El  Morro,  New  Mexico,  where  impressions  of  some 
Spanish  inscriptions  dating  from  the  year  1606  and  having  an  impor- 
tant bearing  on  the  early  history  of  the  Pueblo  tribes,  were  made ;  (2) 
excavations  in  the  Jemez  Valley  in  a  ruined  pueblo  on  a  mesa  1,800 
feet  hi^,  the  ruins  bearing  evidence  of  occupancy  at  two  different 
periods,  and  containing  some  interesting  pottery,  traces  of  textiles, 
and  other  objects;  (3)  field  work  to  determine  the  western  limit  of 
the  ancient  Pueblo  culture  in  Arizona ;  and  many  other  lines  of  inves- 
tigation, discussed  by  Mr.  Hodge  in  an  appendix  to  this  report. 

The  construction  of  the  Panama  Canal  has  aroused  so  greatly 
public  interest  in  the  aboriginal  remains  of  the  West  Indies  that  the 
bureau  has  arranged  for  more  extended  studies  in  West  Indian 
archeology.  Researches  thus  far  made  indicate  that  the  Tainan 
culture  of  Porto  Rico  and  the  Dominican  Republic  was  represented  in 
the  Lesser  Antilles  by  an  agricultural  people,  probably  Arawak,  who 
•were  conquered  and  absorbed  by  the  marauding  Carib.  Types  of 
pottery  found  in  some  of  the  Lesser  Antilles  indicate  their  occupancy 
by  people  superior  in  culture  to  the  Carib  and  to  those  found  there 
at  the  time  of  the  discovery  by  Columbus. 

INTERNATIONAL  EXCHANGES. 

There  has  been  an  increase  of  more  than  10  per  cent  in  the  number 
of  packages  handled  by  the  Exchange  Service  during  the  past  year 
as  compared  with  the  preceding  12  mcmths,  the  total  number  being 
316^92.    These  packages  weighed  over  284  tons. 
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No  change  has  been  made  in  the  amount  ($32,200)  granted  by 
Congress  during  the  past  foor  years  for  the  support  of  this  branch 
of  GoTemment  work  carried  on  under  the  directi<Hi  of  the  Institu- 
tion, and  the  usual  sum  was  collected  from  various  Ooveroment  and 
State  estabtishm«its  for  services  in  connection  with  the  transporta- 
tion of  exchanges,  the  total  available  resources  for  meeting  the  ex- 
penses of  the  system  being  $36,591.02. 

The  publications  dispatched  by  the  Exchange  Service  are  classified 
under  four  heads :  First,  the  Congressional  Record ;  sec<md,  **  Parlia- 
mentary documents";  third,  " I>epu*tmental  documents";  fourth, 
"  Miscellaneous  scientific  and  literary  publications." 

The  term  "  Parliamentary  documents "  as  here  used  refers  to 
publications  set  aside  by  law  for  exchange  with  foreign  Governments, 
and  includes  not  only  copies  of  documents  printed  by  order  of  either 
House  of  Ccmgress,  but  copies  of  each  publication  issued  by  any 
departooient,  bureau,  commission,  or  i^cer  of  the  Government  The 
object  in  sending  these  publicatjoos  abroad  is  to  procure  for  the  use 
of  the  Congress  of  the  United  States  a  complete  series  of  the  publica- 
tions of  otJier  Goverimients,  and  the  returns  are  deposited  in  the 
Congressional  Library. 

The  term  "  Departmental  documents "  embraces  all  the  publica- 
tions delivered  at  the'  Institution  by  the  various  Government  depart- 
ments, bureaus,  or  commissions  for  distribution  to  their  c<»Tespimd- 
ents  abroad,  from  whom  they  desire  to  <^tain  similar  publicatitms 
in  exchange.  The  publications  received  in  return  are  deposited  in 
the  various  departmental  libraries. 

The  "  Miscellaneous  scientific  and  literary  publications "  are 
received  chiefly  fnmi  learned  societies,  universities,  colleges,  scientific 
institutes,  and  museums  in  the  United  States  and  transmitted  to  simi- 
lar institutions  in  all  parts  of  the  world. 

At  the  request  of  the  Secretary  for  the  Interior  of  the  Unicm  of 
South  Africa  the  Institution  disccmtinued  the  sending  of  full  sets  of 
governmental  documents  to  Cape  Cot(H^  and  the  Transvaal  and 
partial  sets  to  Katal  and  the  Orange  River  OcJony,  substituting  oob 
full  set  for  the  Government  of  the  Uiu<hi  of  South  Africa.  There 
are  therefore  now  sent  through  the  Exchange  Service  to  regular 
foreign  depositories  only  M  full  and  32  partial  sets  of  c^cial 
documents. 

No  countries  were  added  during  the  year  to  the  list  of  those  with 
which  the  immediate  exchange  of  official  parliamentary  journals  is 
carried  on,  the  number  of  countries  taking  part  in  this  exchange 
being  29. 
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NATIONAL  ZOOLOGICAL  PAEK. 

The  accessions  to  the  collections  in  the  National  Zoological  Park 
during  the  past  year  aggregated  510  animals,  including  25  species 
rot  already  represented;  350  of  these  were  obtained  by  purchase, 
exchange,  or  as  gifts,  and  108  were  bom  and  hatched  in  the  park. 
The  total  collection  on  June  30  numbered  1,551  individual  animals, 
representing  381  species  of  mammals,  birds,  and  reptiles,  an  increase 
of  137  over  the  preceding  year.  The  more  important  additions  were 
2  elephant  seals  and  i  northern  fur  seals,  8  white  pelicans,  and  a  pair 
each  of  Brazilian  tapirs,  Fatagooian  cavies,  and  Chilean  eagles. 
The  number  of  visitors  was  542,738,  or  a  daily  average  of  1,487. 
The  largest  number  in  any  one  month  was  95,485,  in  April,  1912. 
That  the  educational  value  of  the  park  is  appreciated  is  indicated 
by  the  fact  that  it  was  visited  by  4,140  pupils,  representing  142 
schools  and  classes  from  the  District  of  Columbia  and  neighboring 
Statce,  and  from  Vermont,  Massachusetts,  New  York,  and  Tennesseei 

Although  each  year  some  improvements  are  made  as  regards  the 
accommodation  of  the  collecti<ms  and  the  comfort  of  visitws,  yet 
much  remains  to  be  done  before  the  park  can  be  brought  to  a  condi- 
tion that  would  properly  be  expected  in  a  zoological  park  maintained 
by  this  great  nation.  The  most  important  improvement  of  the  year 
was  the  construction  of  a  fireproof  building  for  a  central  heating 
plant,  in  which  are  installed  two  pairs  of  boilers  for  alternate  use  as 
repairs  or  cleaning  become  necessary.  A  yard  and  bathing  pool  was 
also  constructed  for  the  use  of  the  hippopotamus  and  the  tapirs; 
three  small  inclosures  were  built  for  semiaquatic  animals;  and  various 
other  additional  structures  were  built,  as  enumerated  by  the  super- 
intendent in  bis  report  on  another  page. 

I  have  for  several  years  called  attention  to  the  urgent  need  of  a 
suitable  aviary  for  the  fine  series  of  birds  in  the  collection.  A  suit- 
able structure  for  this  purpose  is  estimated  to  cost  about  $80,000. 
Around  this  large  aviary  would  be  grouped  the  cages  for  the  eagles, 
vultures,  condors,  and  owls,  now  scattered  irregularly  about  the 
grounds. 

The  superintendent  in  his  report  calls  attention  also  to  several  other 
desirable  measures  for  the  betterment  of  the  park. 

The  Biolt^cal  Survey  of  the  Department  of  Agriculture,  in  coop- 
eration with  the  Zoological  Park,  is  carrying  on  some  experiments 
in  breeding  mink  with  a  view  to  ascertaining  the  possibilities  of  rear- 
ing them  in  captivity  for  commercial  purposes.  The  main  object  in 
view  is  to  secure  data  relative  to  the  best  methods  of  rearing  mink 
for  their  fur,  especially  as  to  details  of  housing,  feeding,  mating,  and 
caring  for  them. 
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ASTROPHYSICAL  OBSERVATORY. 

The  principal  research,  carried  on  by  the  Astrophyacal  Obeerva- 
tory  during  the  year  has  been  on  the  variability  of  the  sun.  Progress 
has  been  made  in  the  disaemination  of  standards  of  pyrheliometry 
and  on  the  absorption  of  radiation  by  atmospheric  water  vapor. 

The  first  of  these  investigations  was  in  continuation  of  observations 
taken  during  several  years  past  to  definitely  determine  the  laws  gov- 
erning the  apparent  variabihty  of  the  "solar  constant."  The  solving 
of  this  problem,  it  is  expected,  will  be  of  much  value  in  the  probable 
forecast  of  climatic  conditions  from  year  to  year.  In  this  research 
it  seemed  important  that  simultaneous  observations  be  made  in 
widely  separated  parts  of  the  world.  It  was  accordingly  arranged  to 
make  such  observations  at  Mount  Wilson,  California,  and  at  Bassour, 
Algeria.  The  results  of  this  work  are  discussed  by  Mr.  Abbot  in  his 
report  on  another  page. 

For  several  years  the  Institution  has  been  sending  to  observatoriea, 
widely  separated  throughout  the  world,  standardized  copies  of  the 
standard  silver-disk  secondaiy  pyrheliometer  designed  by  the  direc- 
tor of  the  Smithsonian  Astrophysical  Observatory.  During  the  past 
year  about  10  such  instruments  have  been  prepared  and  sent  out, 
mostly  to  foreign  governmental  meteorological  services.  It  is  hoped 
to  thus  secure  not  only  uniformity  of  radiation  measures,  but  also  a 
more  exact  knowledge  of  solar  radiation  and  the  influence  of  the 
terrestrial  atmosphere  upon  it. 

In  carrying  forward  the  research  on  the  absorption  of  radiation 
by  atmospheric  water  vapor,  there  has  been  recently  devised  at  the 
observatory  a  method  for  determining  spectroscopically  the  total 
quantity  of  water  vapor  between  the  observer  and  the  sun.  Atmos- 
pheric water  vapor  absorption  work  during  the  year  was  confined 
to  the  upper  infra-red  spectrum  bands.  It  is  expected  by  the  use 
of  a  vacuum  bolometer  now  in  preparation  to  make  considerable  gain 
in  the  sensitiveness  of  the  apparatus  and  greatly  promote  the  value 
of  the  work  at  great  wave  lengths. 

INTERNATIONAL    CATALOGUE    OF    SCIENTIFIC   LITERA- 
TURE. 

The  cooperative  enterprise  known  as  the  International  Catalogue 
of  Scientific  Literature  is  represraited  in  the  United  States  through 
the  Smithsonian  Institution,  an  appropriation  being  made  each  year 
by  Congress  to  maintain  a  regional  bureau  in  this  country  under 
the  auspices  of  the  Secretaiy  of  the  Institution. 

This  bureau,  in  cooperation  with  thirty-one  other  regional  bureaus, 
through  a  central  bureau  in  London,  publishee  yearly  17  volumee, 
which  form  an  index  to  current  scientific  literature.    Each  country 
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supports  its  own  bureau,  in  the  majority  of  caaes  by  means  of  direct 
goTermuental  grants.  Ilie  London  central  bureau,  which  bears  all 
■  of  the  expense  of  editing  and  publishing  the  data  prepared  by  the 
regional  bureaus,  depends  for  its  support  entirely  on  funds  received 
from  the  subscribers  to  the  work.  In  the  beghming  of  the  entar^ 
prise  the  subscription  price  was  fixed  at  tS5  per  year  for  a  full  set 
of  17  volumes,  and  it  has  been  necessary  to  maintain  this  price,  as 
there  are  a  limited  number  of  libraries  and  scientific  bodies  whose 
subscription  to  the  work  practically  assures  the  sum  necessaiy  for 
publication.  The  lack  of  any  surplus,  however,  renders  it  impos- 
sible to  reduce  the  price  of  the  work  in  order  to  meet  the  demands  of 
a  lat^e  number  of  scientific  investigators,  who  are  practically  excluded 
as  personal  subscribers  to  this  valuable  source  of  information,  owing 
to  the  present  prices. 

Had  the  central  bureau  a  permanent  and  independent  income, 
derived  from  an  endowment  or  otherwise,  it  would  be  possible  to 
adopt  the  course  which  would  under  similar  circumstances  be  fol- 
lowed by  a  commercial  publishing  house  having  a  Hberal  working 
capital;  that  is,  to  reduce  the  price  of  the  publication  and  depend  on 
the  certainty  of  increased  sales  to  pay  the  relatively  smjdl  expenses 
of  printing  a  lai^er  edition  of  the  work.  An  endowment  of  (100,000 
properly  invested  would,  it  is  believed,  make  it  possible  to  carry  out 
this  plan,  and,  for  the  end  to  be  accomplished,  it  would  be  difficult  to 
find  a  better  use  for  this  comparatively  small  sum.  A  more  detailed 
statement  of  the  condition  of  thia  interesting  example  of  what  may 
be  accomplished  through  international  cooperation  will  be  found  in 
the  report  of  the  bureau  in  the  appendix. 

Kespectfully  submitted. 

Chablks  D.  Walcott,  Secretary. 
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REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Sib  :  I  have  the  honor  to  submit  the  following  report  on  the  opera- 
tions of  the  United  States  National  Museum  for  the  fiscal  year 
ending  June  30, 1912 : 

SUMMARY  OF  THE  TBAH'S  PB0GKB8S. 

By  the  close  of  the  year  the  natural  history  departments  of  the 
Museum  had  been  quite  fully  established  in  the  new  building,  only  a 
small  amount  of  exhibition  material  remaining  to  be  transferred. 
The  laboratories  had  been  occupied  for  some  time,  and  the  reserve 
collections  brought  over  tram  the  older  buildings  had  been  mainly 
arranged  in  the  more  ample  and  convenient  quarters  provided  for 
them.  The  work  of  classification  had  necessarily  to  be  in  large  part 
suspended  during  the  period  of  moving,  but  the  opportunity  was 
availed  of  to  expedite  the  labeling  and  recording,  and  these  collec- 
tions are  now,  as  a  whole,  in  much  better  condition  and  far  more 
accessible  for  reference  and  study  than  at  any  previous  time  in  the 
history  of  the  Museum.  The  ta^  of  moving  was  both  arduous  and 
delicate^  involving,  as  it  did,  the  handling  of  several  million  speci- 
mens of  all  sizes  and  all  degrees  of  hardiness  without  injury  and 
without  the  loss  or  disarrangement  of  labels.  That  it  was  accom- 
plished satisfactorily  in  such  a  remarkably  short  space  of  time  is 
especially  gratifying,  in  view  of  the  fact  that  the  exigencies  of  the 
current  work  were  fully  met  and  no  cessation  occurred  in  the  receipt 
of  new  material. 

The  installation  of  the  exhibition  collections,  however,  could  not 
be  hastened  in  the  same  way.  A  much  greater  time  is  required  for 
the  construction  of  the  cases,  which  are  more  elaborate  in  character 
than  those  intended  for  storage,  and  but  few  of  the  cases  used  in  the 
older  buildings  are  adapted  to  the  new  building,  though  many  have 
been  temporarily  employed.  It  has  also  been  necessary  to  reject  a 
large  number  of  the  older  exhibition  specimens  as  of  inferior  quality 
for  Jhe  purpose,  and  of  those  which  are  being  utilized  many  require 
to  be  thoroughly  renovated  if  not  entirely  done  over.  The  new  ex- 
hibitions, however,  are  intended  to  consist  in  great  measure  of  fresh 
materials,  much  of  which  has  been  recently  acquired,  and  to  represent 
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the  best  skill  of  the  museum  preparator  and  taxidermist  During 
the  year  this  branch  of  the  work  was  pressed  to  the  fullest  extent  pos- 
sible, and  excellent  progress  was  made. 

Of  the  total  floor  area  of  about  465,000  square  feet  furnished  by  the 
new  building,  the  amount  of  space  dedicated  to  the  public,  including 
the  floors  and  galleries  of  the  south  pavilion  and  rotunda,  ia  slightly 
in  excess  of  220,000  square  feet.  The  permanent  exhibitions  now 
planned  are  limited  to  the  Erst  and  second  stories  of  the  wings  and 
ranges,  which  they  will  completely  occupy  and  which  contain  about 
186,000  square  feet.  Of  this  space  about  three-fourths  has  been 
opened  to  the  public,  although  it  should  be  explained  that  the  installa- 
tions are  still  to  a  large  extent  provisional  and  subject  to  revision,  a 
work  that  is  steadily  going  on.  The  end  of  another  year,  however, 
should  see  all  of  the  exhibition  halls  opened  and  in  good  though  not 
finished  condition. 

The  exhibitions  to  which  the  public  had  gained  access  by  the  close 
of  the  year  comprised,  besides  the  picture  gallery  in  the  middle  hall, 
ethnology,  historic  archeology,  systematic  and  applied  geology, 
mineralogy,  paleontology,  the  birds  and  fishes,  small  sections  of  the 
mammals  and  invertebrates,  a  synoptic  series  of  biology,  and  certain 
special  zoological  collections  illustrating  anatomy  and  development, 
albinism,  melanism,  hybridism,  the  domestic  animals,  and  the  local 
fanna.  The  principal  branches  that  remained  to  be  opened  up  were 
the  mammals,  reptiles,  marine  invertebrates,  and  prehistoric 
archeology. 

The  removal  of  the  natural  history  collections  from  the  older 
buildings  furnishes  the  opportunity  for  the  more  complete  organiza- 
tion of  the  department  of  the  arts  and  industries  as  contemplated 
in  the  original  plan  of  the  Board  of  Kegents.  Certain  subjects 
belonging  to  it  have  for  a  long  time  been  illustrated  to  the  extent 
permitted  by  the  crowded  condition  of  the  exhibition  halls,  among 
them  being  land  and  water  transportation,  firearms,  electrical  inven- 
tions, measuring  devices,  many  kinds  of  machinery,  the  graphic  arts, 
and  ceramics.  There  are  several  others,  however,  equally  important 
and  interesting,  of  which  the  Museum  has  many  and  valuable  illus- 
trations. The  material,  obtained  from  various  sources,  but  mainly 
from  the  great  international  expositions,  has,  from  lack  of  room, 
been  necessarily  kept  in  storage,  though  before  the  crowding  of  the 
older  buildings  began  some  parts  of  it  were  exhibited.  The  space 
that  has  been  released  will  afford  accommodations  for  the  installa- 
tion of  this  material,  so  far  as  it  has  not  deteriorated,  and  for  such 
additions  as  will  be  needed  to  round  out  the  exhibits  of  the  several 
subjects  in  at  least  a  modest  way.  With  this  accomplished,  the 
Museum  will  be  confronted  with  the  problem  of  the  further  develop- 
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ment  of  the  department  to  make  it  comparable  with  those  in  the  prin- 
cipal European  comitries,  and  thus  capable  of  exerting  a  direct  and 
beneficial  influence  on  the  higher  industrial  pursuits  of  the  country. 

It  was  not  until  after  the  middle  of  the  year,  however,  that  the 
extension  of  the  work  in  this  direction  could  be  taken  up,  and  little 
more  was  possible  than  to  remove  the  material  from  storage,  and 
begin  its  unpacking  and  assorting.  The  installations  will  be  made, 
at  least  for  the  most  part,  in  the  old  cases,  which  will  have  to  be  more 
or  less  remodeled  for  the  purpose,  but  it  is  not  expected  that  the 
public  will  be  long  delayed  in  gaining  access  to  some  parts  of  these 
collections.  The  material  relating  to  the  graphic  arts  and  to  bo(^- 
making  will  be  exhibited  in  the  Smithsonian  building,  but  the  other 
subjects  will  be  mainly  provided  for  in  the  older  Museum  building, 
and  comprise,  besides  those  above  mentioned,  mineral  technology, 
textiles,  woods,  various  animal  and  vegetable  products,  foods  and 
drugs,  etc  The  division  of  history  will  continue  to  occupy  its  pres- 
ent position  in  the  older  Museimi  building,  as  will  the  collection  of 
art  textiles,  but  additional  space  will  be  required  for  the  former, 
whose  growth  and  popularity  have  been  exceptionally  gratifying. 

Several  unoccupied  rooms  in  the  new  building  were  used  by  the 
Government  for  the  competitive  plans  for  the  Lincoln  and  Perry 
memorials,  authorized  by  Congress  and  submitted  during  the  year. 
Opened  to  the  inspection  of  the  public,  the  models  and  pictures  of 
the  designs  for  the  Lincoln  monument  in  Washington  were  still  on 
exhibition  at  the  close  of  the  year. 

The  Sunday  opening  of  the  Museum,  so  long  and  earnestly  advo- 
cated by  the  authorities  of  the  Institution,  was  one  of  the  most  note- 
worthy accomplishments  of  the  year.  This  innovation  is,  in  fact,  to 
be  regarded  as  marking  the  beginning  of  a  new  period  in  the  history 
of  the  Museum,  in  which  its  privileges  may  be  enjoyed  with  equal 
freedom  by  all  classes.  Started  on  October  8,  1911,  and  restricted  to 
afternoon  hours,  it  is  for  the  present  limited  to  the  new  building. 

ADDITIONS  TO  THB  COLLECTIONS. 

The  permanent  additions  to  the  collections  numbered  approxi- 
mately 238,000  specimens  and  objects,  of  which  about  168,000  were 
biological,  63,000  geological  and  paleontological,  and  7,000  anthropo- 
logical.   There  were  also  many  loans,  some  of  great  value. 

The  more  important  accessions  in  anthropology  related  to  the 
Indians  of  southern  Alaska  and  Panama,  and  included  an  interesting 
series  of  objects  from  the  ruined  pueblo  of  Kwasteyukwa,  New 
Mexico.  To  the  exhibits  in  mechanical  technology  were  added  many 
important  articles,  including  the  first  aeroplane  acquired  and  used 
by  the  Government,  a  large  number  of  firearms,  both  military  and 
sporting,  and  numerous  examples  of  inventions.    The  division  of 
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American  history  was  especially  favored  with  both  gifts  and  loans, 
among  the  distinguished  persons  and  families  represented  by  the 
memorials  received  being  Gien.  Peter  Gansevoort,  of  Revolationary 
time,  and  his  son  and  grandson;  Hear  Admirals  Winfield  Scott 
Schley  and  Andrew  H.  Foote,  United  States  Navy;  Commanders 
Matthew  Fontaine  Maury  and  Harry  H,  Hosley,  United  States 
Navy;  Qea.  George  A.  Custer,  United  States  Army;  the  Marquis  de 
Lafayette;  Prof.  George  Frederic  Barker;  Mr.  and  Mrs.  Samuel 
S.  Cox;  Julia  Ward  Howe;'the  Washington  and  Ball  famihes;  the 
Cropper  and  McLane  families;  the  Bradford  family,  of  New  Eng- 
land; and  the  Bailey-Myers-Mason  family.  The  collection  of  numis- 
matics acquired  two  valuable  series  of  several  hundred  pieces  each, 
one  representing  the  Polish  coinage  from  1386  to  1835,  the  other 
consisting  of  antique  copper  coins  from  Asia.  Exceptionally  im- 
portant was  the  transfer  to  the  National  Museum  of  the  museum 
of  the  Post  Office  Department,  so  well  known  to  visitors  to  Washing- 
ton, comprising  the  large  and  unique  series  of  United  States  postage 
stamps,  besides  many  objects  relating  to  the  operations  of  the  postal 


The  most  conspicuous  acquisition  by  the  department  of  biology 
consisted  of  the  collection  made  by  Mr.  Paul  J.  Rainey  on  his  expe- 
dition to  British  East  Africa,  accompanied  by  Mr.  Edmund  Heller, 
which  was  generously  presented.  It  contains  about  4,000  mammals, 
besides  many  hundreds  of  birds,  reptiles,  fishes,  and  invertebrates, 
and  has  already  yielded  a  large  number  of  new  forms.  Much  mate-  . 
rial  was  also  received  from  several  other  natural  history  expeditions 
beyond  the  United  States  conducted  by  the  Institution  and  Museum 
or  imder  other  auspices,  the  principal  regions  visited  having  been  the 
Aleutian  Islands,  British  Columbia  and  Alberta,  the  Panama  Canal 
Zone,  the  Bahama  Islands,  Peru,  Abyssinia  and  British  East  Africa, 
the  Altai  Mountains  on  the  borders  of  Siberia  and  Mongolia,  Kash- 
mir, and  Borneo.  Within  the  confines  of  the  United  States  a  number 
of  minor  explorations  were  carried  on  hjr  members  of  the  staff. 

The  transfers  made  by  the  Bureau  of  Fisheries  were  extensive  and 
important,  consisting  mainly  of  collections  that  had  been  studied  and 
described  and  containing  much  type  material.  The  fishes  were  from 
Japan,  the  Philippine  Islands,  and  various  parts  of  the  United 
States,  while  the  marine  invertebrates,  numbering  over  27,000  speci- 
mens of  several  groups,  represented  explorations  by  the  steamer 
Albatrost  in  different  parts  of  the  Pacific  Ocean.  The  increases  in 
the  division  of  insects  were  chiefiy  from  the  Bureau  of  Entomology, 
and  in  the  herbarium  from  the  Bureau  of  Plant  Industry,  thou^ 
many  specimens  were  secured  for  the  tatter  by  exchange  and  as  the 
result  of  field  work  in  New  Mexico. 
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The  collections  of  geology  and  mineralogy  received  important 
additions,  including  types  and  recently  described  materials  and  many 
fine  examples  of  building  and  ornamental  stones.  The  pomanent 
acquisitions  in  paleontology,  amounting  to  over  60,000  specimens, 
were  mainly  of  Cambrian  fo^ils  from  British  Columbia  and  Alberta, 
and  from  China ;  Ordovician  fossils  from  the  western  United  States, 
New  York,  and  Canada ;  Ordovician  and  Mississippian  fossils  frcHU 
the  Mississippi  Valley;  and  Tertiary  fossils  from  the  Isthmus  of 
Panama.  It  is  gratifying  to  note  the  deposit  in  the  Museum  by  Mr. 
Frank  Springer  of  his  unrivaled  collection  of  fossil  echinoderms, 
numbering  some  75,000  specimens,  which  he  has  been  many  years  in 
assembling  and  on  which  no  expense  has  been  spared.  The  material 
has  been  installed  and  made  accessible  in  one  of  the  larger  laboi^- 
tory  rooms,  and  it  is  the  purpose  of  Mr.  Springer  to  devote  much  of 
his  time  to  further  research  work  in  connection  with  it 

NATIONAL  OAIXERT  OF  AET. 

A  memorable  event  in  the  brief  history  of  the  Qallery  was  the 
exhibition  in  one  of  the  great  halls  of  the  new  building  of  a  selection 
of  objects  from  the  collection  of  American  and  oriental  art  presented 
to  the  Nation  in  1906  by  Mr.  Charles  L.  Freer,  of  Detroit,  Michigan, 
but  which  is  to  remain  in  the  possession  of  the  donor  during  his  life. 
This  special  exhibition,  which  continued  during  two  months,  from 
April  15  to  June  16,  and  opened  with  an  evening  reception,  was 
made  possible  through  the  courtesy  and  generosity  of  Mr.  Freer,  by 
whom  the  expenses  of  transportation  were  defrayed. 

The  selection,  which  numbered  175  pieces  out  of  the  more  than 
4,000  composing  the  Freer  collection,  was  representative  of  its  charac- 
teristic features,  and  in  variety,  richness,  and  rarity  of  material  con- 
stituted in  itself  a  remarkable  exhibit  for  any  place  or  time.  The 
American  art  side  of  the  collection  was  illustrated  by  38  paintings, 
of  which  24  were  by  James  McNeill  Whistler  and  the  others  by 
Thomas  W.  Dewing,  Dwight  W.  Tryon,  Abbott  H.  Thayer,  and 
Winslow  Homer.  Of  oriental  productions  there  were  13  Japanese 
paintings  of  the  sixteenth  to  the  nineteenth  centuries;  36  Chinese 
paintings,  the  earliest  belonging  to  the  Liang  dynasty,  and  also  4 
albums  of  Chinese  paintings;  17  Chinese  bronzes,  one  dating  back 
to  the  Shang  dynasty,  many  centuries  before  the  Christian  era;  4 
Chinese  sculptures  of  the  Wei  and  T'ang  dynasties;  52  examples  of 
old  Chinese,  Corean,  Japanese,  Persian,  and  Mesopotamian  pottery ; 
7  specimens  of  ancient  Egyptian  glass;  and  4  Persian  and  lodo- 
Persian  illuminations. 

Mr.  William  T.  Evans,  of  New  York,  whose  generous  benefactitms 
have  extended  through  more  than  five  years,  made  10  important  addi- 
tions to  his  collection  of  the  wor^  of  contemporary  American 
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painters,  which,  at  the  end  of  the  year,  numbered  137  pieces  by  98 
artists.  One  of  the  older  paintings  was  also  exchanged  for  another 
and  better  example  of  the  work  of  the  same  artist.  This  collection, 
which  occupies  the  greater  part  of  the  space  now  allotted  to  the 
Gallery,  is  a  most  notable  presentation  of  American  art.  The 
painters  represented  in  the  contribntions  of  the  year  are  William 
B.  P.  Closson,  Wyatt  Eaton,  Albert  L.  Groll,  Arthur  T.  Hill,  William 
M.  Hunt,  William  S.  Robinson,  Abbott  H.  Thayer,  Elihu  Vedder, 
Edgar  M.  Ward,  Frederick  J.  Waugh,  and  Irving  K,  Wiles.  Mr. 
Evans  also  added  84  proofs  of  American  wood  engravings  to  his 
previous  donation  of  81  examples. 

The  collection  of  historical  paintings  in  oil  was  increased  by  two 
noteworthy  gifts  to  the  Nation.  One  of  these  consisted  of  portraits 
of  Mathias  Kingmann,  Martin  WaldseemuUer,  and  Vautrin  Lud,  the 
geographers  who,  in  1507,  first  applied  the  name  "  America  "  to  the 
new  continent,  and  was  received  from  the  municipality  of  St. 
DiJ-deS'Vosges,  France.  The  other  comprised  a  portrait  of  John 
Ericsson  and  a  painting  illustrating  the  "Combat  between  the 
Monitor  and  the  Merrimac"  and  was  made  by  the  Swedish  American 
Bepablican  League  of  Illinois.  The  Gallery  was  also  fortunate  in 
obtaining  many  loans,  both  of  paintings  and  sculpture,  and  within 
the  restricted  limits  of  its  quarters  has  maintained  an  exhibition  of 
exceptional  merit  and  attractiveness. 

ABT  TSIXTILBS. 

Interest  in  the  collection  of  art  textiles,  under  the  patronage  and 
direction  of  Mrs.  J.  W.  Pinchot,  continued  unabated,  and  of  68  addi- 
tions received  15  were  gifts.  The  laces  have  now  become  sufficiently 
well  represented  to  permit  the  arrangement  of  a  synoptical  series  in 
which  all  of  the  varieties  are  shown,  and  of  a  special  exhibit  consti- 
tuting  a  r^um£  of  the  history  of  lace  making. 

PERIOD  COSTUMES. 

During  tiie  year  a  collection  of  costumes  intended  to  illustrate  the 
changes  in  style  of  personal  attire  in  America  from  the  colonial 
period  to  the  present  time,  was  undertaken.  The  material  so  far 
gathered  has  consisted  mainly  of  apparel  actually  worn  at  important 
state  and  social  functions,  which  gives  it  an  historical  interest,  and 
the  collection  should  also  very  materially  supplement  that  of  art 
textiles,  offering  useful  sugge^ion  in  the  field  of  design.  The  sub- 
ject was  taken  up  on  the  initiative  of  Mrs.  Julian  James,  who  is  giv- 
ing it  her  personal  attention,  and  the  ctmtributions,  ranging  from 
single  objects  to  cunplete  parts  of  costumes,  comprised  both  loans 
and  gifts. 
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MISCEIiANEOUS. 

Of  duplicates  separated  from  the  collections  in  the  course  of  the 
WOT-k  of  clarification  about  8,000  specimens,  chiefly  minerals,  ores, 
fossils,  and  recent  animals,  were  distributed  to  schools  and  colleges  for 
teaching  purposes.  About  16,000  duplicates  were  also  used  in  making 
exchanges,  whereby  material  of  similar  value  was  obtained  for 
addition  to  the  permanent  collections.  To  specialists  connected  with 
other  scientific  establishments  some  11,500  specimens,  mainly  bio- 
logical, were  sent  for  study,  principally  in  the  interest  of  the  Museum 
and  for  the  purpose  of  securing  the  identification  of  material  which 
could  not  he  determined  here. 

The  number  of  persons  who  visited  the  new  building  during  the 
year  was  281,887,  the  older  Museum  building,  172,182,  and  the  Smith- 
sonian building,  143,134,  being  equivalent  to  an  average  daily  attend- 
ance at  each  of  the  three  buildings  of  800,  550,  and  457,  respectively. 
The  total  Sunday  attendance  at  the  new  building,  beginning  October 
8,  amounted  to  64,987,  an  average  by  Sundays  of  1,666  persons,  or 
more  than  double  the  daily  average  for  the  same  building. 

The  publicaticHis  issued  during  the  year  comprised  the  annual 
report  for  1911,  volumes  39,  40,  and  41  of  the  Proceedings,  and  3 
Bulletins,  besides  S9  papers  from  the  Proceedings,  Bulletins,  and  Con- 
tributions from  the  National  Herbarium,  printed  separately.  The 
totel  niunber  of  copies  of  publications  distributed  was  about  67,000. 

The  library  received  additions  to  the  extent  of  1,791  books,  3,608 
pamphlets,  and  276  parts  of  volumes,  and  at  the  end  of  the  year  was 
estimated  to  contain  a  total  of  42,002  books  and  69,670  unbound 
papers.  With  the  completion  of  the  arrangements  in  progress  all  of 
the  works  on  natural  history  will  be  transferred  to  the  new  building, 
leaving  the  older  quarters  for  those  relating  to  the  arts  and  industries 
and  history,  and  by  this  division  the  congested  condition  of  the 
library  which  has  so  long  prevailed  will  be  relieved. 

The  facilities  offered  by  the  new  building  were  often  availed  of 
during  the  year  for  congresses  and  meetings  relating  to  science  and 
art.  Among  the  more  important  bodies  which  met  or  were  received 
there  were  the  American  Association  for  the  Advancement  of  Science 
and  affiliated  societies,  the  National  Academy  of  Sciences,  the  Ameri- 
can Federation  of  Arts,  the  American  Institute  of  Architects,  and 
the  Ked  Cross  Conference. 

EespectfuUy  submitted. 

BiCHABD  RaTHBUN, 

Assistant  Secretary  in  Charge  U.  S.  National  MtiaeuTrh 
Dr.  Chablbs  D.  Walcoit, 

Secretary  of  the  Smithaonian  Inttitvtion. 
OCTOBBB  31, 1912. 
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Appendix  2. 
REPORT  ON  THE  BUREAU  OF  AMERICAN  ETHNOLOGY, 

Sib  :  I  have  the  honor  to  submit  the  following  report  of  the  oper- 
ations of  the  Bureau  of  American  Ethnology  during  the  fiscal  year 
ended  June  30,  1912,  conducted  in  accordance  with  the  act  of  Con- 
gress approved  March  4,  1911,  making  appropriations  for  sundry 
civil  expenses  of  the  Govenunent,  which  act  contains  the  following 
item: 

Americfln  eUmology:  For  continnlDK  etlinologlcal  reBearcheB  amoog  tbe 
AmeFlcan  Indians  and  tbe  Datives  ot  Hawaii,  Inclndlng  the  excavatton  and  pres- 
eiratlon  of  ardueologlc  remattu,  nnder  the  dlrectloa  of  the  Smithsonian  Inatl- 
tntlon,  InclDdlng  salaries  or  coiiip«isatlon  of  all  necessary  employees  and  tbe 
pnrchase  ot  oecessary  books  and  perlodteals,  InclndlDg  payment  in  advance  tor 
sobacrlptlona,  forty>two  tboosand  dollars. 

ST8TBMAT1C  RESEARCHES. 

The  systematic  researches  of  the  bureau  were  conducted  by  the 
regular  staff,  consisting  of  eight  ethnologists,  and  with  the  aid  of 
specialists  not  directly  ctHinected  with  the  bureau,  but  the  results  of 
whose  studies  were  procured  for  publication.  These  operations  may 
be  summarized  as  follows : 

Mr.  F.  W.  Hodge,  ethnologist-in-charge,  was  occupied  with  admin- 
istrative affairs  during  the  greater  part  of  the  year,  but  from  time  to 
time,  as  opportunity  afforded,  he  was  engaged  in  the  preparation  of 
an  annotated  Bibliography  of  the  Pueblo  Indians,  with  the  result 
that  almost  1,100  cards  bearing  titles,  descriptions  of  contents,  etc., 
of  writings  pertaining  to  the  Pueblos  were  completed.  Knowledge 
of  the  Pueblo  Indians  commenced  with  the  year  1539,  and  these 
people  have  been  the  subject  of  so  much  attention  by  early  Spanish 
explorers  and  missionaries,  as  well  as  by  ethnologists  and  others,  in 
recent  years,  that  the  literature  has  become  voluminous  and  widely 
scattered.  The  need  of  a  guide  to  this  array  of  material  has  been 
greatly  felt  by  students,  and  for  this  reason  Mr.  Hodge  has  prepared 
notes  on  the  subject  for  a  number  of  years  with  the  view  of  their  final 
elaboration  in  the  form  of  a  bibliography. 

Late  in  August  Mr.  Hodge  proceeded  to  New  Mexico,  and  after  a 
brief  viat  to  the  archeological  sites  in  tbe  Rito  de  Los  Frijoles, 
northwest  of  Santa  F6,  where  excavations  were  conducted  in  con- 
junction with  the  School  of  American  Archeeology  in  1911,  continued 
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to  El  Morro,  or  Inscription  Rock,  about  85  miles  east  of  Zuni,  for  the 
purpose  of  making  facsimile  reproductions,*  or  squeezes,  of  the  Span- 
ish inscriptions  tiiere,  which  have  such  an  important  bearing  on  the 
early  history  of  the  Pueblo  tribes.  El  Morro  is  a  picturesque  emi- 
nence of  sandstone  rising  from  the  sandy  valley,  and  by  reason  of 
the  former  existence  of  a  spring  at  its  base,  which  is  now  merely  a 
seep,  it  became  an  important  camping  place  of  the  early  Spaniards 
on  their  journeys  to  and  from  the  Bio  Grande  and  the  Zuni  and  Hopi 
pueblos.  The  inscriptions  of  these  early  explorers  were  carved  near 
the  base  of  the  rock,  chiefly  on  the  northern  and  southern  sides  of 
the  highest  portion  of  the  mesa,  and  in  the  main  consist  of  the  names 
of  the  visitors  with  the  dates  of  their  visits,  but  in  a  number  of  cases 
elaborated  with  a  more  or  less  full  statement  of  the  object  of  the 
journey. 

The  earliest  of  th&  inscriptions  is  that  of  Juan  de  Onate,  the  colo- 
nizer of  New  Mexico  and  founder  of  the  city  of  Santa  F^  who  in- 
scribed his  name  and  the  object  of  his  visit  in  1606,  on  his  return 
from  a  perilous  journey  to  the  Qulf  of  California.  Others  who 
viEdted  the  rock  and  left  a  record  are,  in  order  of  date :  Gov.  Fran- 
cisco Manuel  de  Silva  Nieto,  who  escorted  the  first  missionaries -to 
Zufii  in  1629;  Juan  Gonzales,  probably  a  member  of  the  small  mili- 
tary escort  accompanying  the  same  party,  and  bearing  the  same  date 
(1629) ;  Lujan,  who  visited  Zuni  in  1632  to  avenge  the  murder  of 
Fray  Francisco  Letrado,  one  of  the  missdonaries  who  accompanied 
Silva  Nieto;  Juan  de  Archuleta,  Diego  Martin  Barba,  and  Agustin 
de  Ynojos,  1636 ;  Gov.  Di^o  de  Vargas,  1692,  the  conquerer  of  the 
Pueblos  after  their  rebellion  in  1680  which  led  to  their  independ- 
ence of  Spanish  authority  during  the  succeeding  12  years;  Juan 
de  Uribarri,  1701;  Ramon  Paez  Hurtado,  1709;  Ju.  Garcia  de  b 
Bivas,  Feliz  Martinez,  and  Fray  Antonio  Camargo,  1716 ;  Joseph  de 
Payba  Basconzelos,  1726 ;  Juan  Paez  Hurtado  and  Joseph  TruxiHo, 
1786;  Martin  de  Elizacochea  (bishop  of  Durango)  and  Juan  Ignacio 
de  Arrasain,  1737;  and  others  of  the  eighteenth  century.  These  in- 
scriptions were  all  carefully  photographed  by  Mr.  Jesse  L.  Nusbaum, 
with  whose  aid  Mr.  Hodge  made  paper  squeezes  which  were  brought 
to  Washington  and  transferred  to  the  National  Museum,  wh«e  Mr. 
Kusbaum  later  made  plaster  casts  of  the  paper  negatives,  insuring 
the  permanent  preservation  of  the  inscriptions  in  this  manner.  This 
work  was  accomplished  none  too  soon,  since  deterioration  by  weather- 
ing* is  progressing  in  some  parts  of  the  cliff  face  bearing  the  inscrip- 
tions, while  vandalism  is  perhaps  playing  an  even  more  serious  part 
in  the  destruction  of  these  important  historical  records,  notwithstand- 
ing the  fact  that  EI  Morro  has  been  created  a  national  monument  by 
Executive  order. 
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Early  in  Sept«nber  Mr.  Hodge  joined  Dr.  Edgar  L.  Hewett,  direc- 
tor of  the  School  of  American  Archieology,  and  his  assistants,  in  the 
Jemez  Valley,  aboat  65  miles  northwest  of  Albuquerque,  for  the  pur- 
pose of  conducting  excavations,  under  the  joint  auspices  of  the  bureau 
and  the  school,  in  an  eztenaive  ruined  pueblo  on  a  mesa  1,800  feet  in 
height,  skirting  the  valley  on  the  west.  This  village  was  occupied 
within  the  historical  period  by  the  Jemez  people,  by  whom  it  is 
known  as  Kwasteyukwa.  The  ruins  cover  an  area  approximately 
850  by  600  feet,  and  even  on  partial  excavation  exhibited  distinct  evi- 
dence of  occupancy  at  two  different  periods.  The  original  pueblo  was 
considerably  larger  than  the  one  later  inhabited,  although  the  latter 
was  built  on  the  ruins  of  the  older  and  of  the  same  materials.  The 
walls  were  of  tufa  blocks,  rudely  shaped  and  set  in  adobe  mortar; 
the  rooms  were  small,  the  masonry  crude,  and  practically  none  of  the 
walls  remain  standing  above  ground.  A  large  artificial  reservoir  in 
a  northwestern  angle  of  the  ruin  furnished  the  water  supply,  and 
various  smaller  depressions  probably  mark  the  sites  of  kivas.  The 
later  inhabitants — th<»e  within  the  historical  period,  or  about  the 
first  half  of  the  seventeenth  century — buried  their  dead  in  and  be- 
neath the  debris  of  the  older  part  of  the  pueblo.  The  mortuary  ac- 
companiments were  of  the  usual  character,  speaking  in  general 
terms — pottery,  traces  of  textiles,  stone  and  bone  implements  and 
other  objects,  and  a  few  ornaments.  The  finding  of  glass  beads  with 
the  remains  of  a  child,  and  an  iron  nail  in  another  grave,  bear  testi- 
mony of  the  comparatively  recent  occupancy  of  the  village  by  the 
Jemez  Indians.  It  was  the  cust^nn  of  the  inhabitants  to  throw  large 
st<Hies  into  the  graves,  resulting  in  the  breaking  of  almost  all  the 
pottery  deposited  with  the  dead.  The  fragments  were  carefully  pre- 
served, however,  and  will  be  repaired  by  the  National  Museum.  A 
noteworthy  specimen  of  pottery  bears  in  its  decoration  a  feather 
design  almost  identical  with  feather  symbols  found  on  ancient  pot- 
tery of  the  Hopi,  and  therefore  tending  to  verify  traditions  of 
the  latter  people  that  some  of  their  ancestral  clans  came  from  the 


Dr.  J.  Walter  Fewkes,  ethnologist,  was  engaged  in  field  work 
from  July  to  October,  having  especially  in  view  the  determination 
of  the  western  limits  of  the  ancient  Pueblo  culture  in  Arizona.  Out- 
fitting at  Jerome,  in  that  State,  he  proceeded  to  certain  large  niins 
on  the  upper  Verde,  on  Oak  Creek,  and  in  Sycamore  Canyon,  where 
some  time  was  spent  at  each  locality  in  photographing  and  in  making 
plans  of  these  and  adjacent  remains,  as  well  as  in  a  study  of  the 
formerly  occupied  caves  near  the  mouth  of  Oak  Creek.  Crossing  the 
rough  country  separating  the  upper  course  of  Oak  Creek  and  the 
great  sandstone  cliffs  known  as  the  Ked  Kocks,  Dr.  Fewkes  revisited 
and  further  studied  the  large  cliff  dwellings,  known  as  Honanki  and 
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Palatki,  excavated  by  him  in  1895.  Several  hitherto  undescribed 
ruins  were  added  to  the  list  of  ancient  remains  in  this  general  vicinity. 
From  the  Ked  Rocks  Dr.  Fewkee  returned  to  the  Verde  and  fol- 
lowed that  stream  upward  to  the  Jordan  ranch,  where  cliff  houses  of 
an  instructive  character  were  photographed  and  studied.  He  also 
investigated  on  the  hills  back  of  ComviUe  certain  large  stone  struc- 
tures of  the  type  known  to  Spanish-speaking  people  as  trinckeras, 
rude  but  massive  fortifications  that  here  begin  to  assume  importance. 
A  number  of  ruins  hitherto  unrecorded  belonging  to  the  cave-  or  cliff- 
dwelling  type  were  observed  in  the  wails  of  Sycamore  Canyon,  or 
Dragoon  Fork,  and  the  outlines  of  stone  houses  were  seen  above  ^e 
river  terrace  near  the  junction  of  Sycamore  Creek  and  Verde  Kiver. 
A  large  aboriginal  fort,  with  walls  well  preserved,  was  found  (xt  a 
height  overlooking  the  Verde,  above  the  mouth  of  Granite  Creek,  and 
others  more  nearly  destroyed  were  seen  at  the  Baker  ranch  and  in 
Hell  Canyon,  not  far  from  Del  Rio  Station.  Near  the  Baker  ranch, 
a  mile  or  two  down  the  Verde,  ore  the  remains  of  a  cliff  dwelling, 
directly  in  the  line  of  a  projected  railroad,  which  will  probably  be 
destroyed  when  the  road  is  constructed.  Dr.  Fewkes  also  visited  the 
ruins  of  several  fragile- walled  habitations,  consisting  of  low  mounds, 
near  Jerome  Junction  and  Del  Rio.  Although  many  evidences  of 
such  ancient  dwellings  arehereseen,  most  of  the  foundation  walls  have 
been  carried  away  by  settlers  and  used  in  their  own  house  building. 

A  large  fort,  with  well-preserved  walls,  occupies  a  low  limestone 
ridge  east  of  Williamson  Valley,  above  the  trail  from  Del  Rio  west- 
ward, and  commanding  a  view  of  the  valley  west  of  Jerome.  This 
fort  is  typical  of  the  trincheroB  that  appear  more  and  more  frequently 
as  one  proceeds  westward  frcsn  the  upper  Verde.  Several  inc<m- 
spicuous  ruins,  hitherto  undescribed,  were  found  in  Williamson  Val- 
ley, those  situated  on  the  hills  belonging  to  the  fortiBcation  type, 
while  those  in  the  valleys  consist  merely  of  low  mounds  of  stone  and 
other  debris. 

Proceeding  westward  from  Chino  Valley,  many  interesting  ruins 

were  observed  along  the  valley  of  Walnut  Creek,  referred  to  in  I^eut. 

A.  W.  Whipple's  report  of  1853  as  Pueblo  Valley,  once  noted  as  the 

site  of  old  Camp  Hualapai.    This  vale,  from  Aztec  Pass  to  the  point 

wherp  thp  (-ppek  is  lost  in  the  sands  of  Williamson  Valley,  was  ex- 

t  in  prehistoric  times,  as  is  attested  by  the  well-marked 

icient  irrigation  ditdies.    Characteristic  petroglyphs 

id  in  Walnut  Valley. 

e  in  this  region,  two  types  of  ruins  were  observed  in 
7,  namely,  (1)  extensive  stone  fortifications  with  mas- 
vning  the  hilltops  on  bo^i  sides  of  the  valley  and  com- 
de  view,  and  (2),  on  the  low  terraces  bordering  the 
*3  of  small  mounds  constituting  the  remains  of  farm- 
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houses,  upright  posts  supporting  walls  of  wattling  plastered  with 
mud  like  the  jaeales  of  the  Mezicsos  and  evidratly  identical  in 
their  gaieral  diameter  with  the  dwellings  of  certain  Yuman  tribes. 
Among  the  best  preserved  of  the  forts,  called  "  pueblos  "  by  Whipple, 
are  those  near  Aztec  Pass  and  at  Drew's  rancji,  Shodc's  ranch,  and 
Petw  Marx's  ranch,  while  others  are  found  farther  down  Walnut 
Creek.  No  trace  of  terraced  pueblo  dwellings  were  seen  in  this 
region. 

In  order  to  shed  further  light  on  the  relations  of  the  two  types  of 
ruins  described,  Dr.  Fewkes  made  an  examination  of  the  ancient  re- 
mains along  the  Agua  Fria  and  near  Prescott.  At  both  places  the 
ruins  were  found  to  be  of  the  same  dual  character.  In  a  few  in- 
stances, as  at  Frog  Tanks,  near  the  mouth  of  the  Agua  FVia,  the 
ruins  suggest  the  great  houses  or  compounds  of  the  Salt  and  Gila 
Valleys,  but  here  also  trincheroB  and  fragile-walled  houses  are  the 
more  common. 

The  observations  made  by  Dr.  Fewkes  during  this  field  season  in< 
dicate  that  the  ruins  in  tiie  rej^on  referred  to  are  the  remains  of 
buildings  so  different  in  architecture  frcuu  that  of  true  pueblos  that 
it  is  probable  the  culture  of  their  occupants  was  also  different.  Dr. 
Fewkes  reached  the  conclusion  that  the  ruins  of  the  forts  and  small 
dweUings  referred  to  were  constructed  and  used  by  a  Yuman  people 
whose  descendants,  more  or  lees  mixed  with  Apadie  and  other  non- 
related  tribes,  are  represented  to-day  by  the  Hualapai,  Yavapai,  and 
Havasupai  Indians.  Although  the  jacai  domiciles  of  western  Ari- 
zona were  probably  structurally  similar  to  certain  ancient  houses 
in  the  Pueblo  region  of  New  Mexico,  the  river-terrace  houses  of 
Walnut  Valley  were  more  like  certain  habitations  of  the  lower  Qila 
Biver  than  they  were  the  pueblos  of  the  Bio  Grande. 

On  returning  to  Washington  Dr.  Fewkes  prepared  a  report  on 
his  observations  in  this  interesting  archeological  field,  which,  with 
suitable  illustrations,  is  now  in  press  as  one  of  the  accompanying 
papers  of  the  twenty-eighth  annual  report. 

Dr.  Fewkes  also  gave  considerable  time  to  reading  l^e  proofs  and 
arranging  the  illustrations  of  his  memoir  on  Casa  Grande,  which 
likewise  is  to  appear  in  the  twenty-eighth  annual  report. 

On  the  completion  of  the  above  work  Dr.  Fewkes  commenced  the 
preparation  of  another  paper,  relating  to  "  Designs  on  Prehistoric 
Hopi  Pottery,"  a  subject  to  which  he  devoted  much  attention  in  con- 
nection witii  bis  studies  of  the  Hopi  Indians  for  20  years.  This 
memoir,  which  was  well  advanced  toward  completion  at  the  close  of 
the  fiscal  year,  accompanied  by  numerous  plates  and  text  figures,  is 
designed  as  a  key  to  the  interpretation  of  the  decoration  of  ancimt 
Hopi  earthenware.  The  great  multiplicity  of  life  designs  appearing 
on  the  pottery  of  ancient  Sikyatki  are  treated  in  the  paper,  in  which 
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modificfttjons  in  decorative  devices  derived  from  feathers,  birds,  and 
other  animals,  and  conventional  figures  are  likewise  discuBsed.  One 
object  of  Dr.  Fewkes's  treatise  is  to  meet  a  growing  desire  of  those 
interested  in  primitive  symbidiBm,  and  another  is  to  d^ne  the  pecul- 
iarities of  one  ceramic  area  of  the  Pueblos  as  a  basis  for  comparison 
with  others,  thus  facilitating  the  study  of  Pueblo  culture  origins  and 
prehistoric  migration  routes. 

As  the  construction  of  the  Panama  Canal  has  tended  to  stimulate 
an  interest  in  abori^al  remains  in  the  West  Indies,  and  as  many 
archeological  specimens  differing  from  those  of  the  Antilles  previ- 
ously known  are  now  being  brou^t  to  li^t,  the  time  for  a  scientific 
study  of  them,  as  well  as  of  the  aboriginal  sites  of  the  West  Indies, 
has  arrived.  Much  of  the  interest  recently  manifested  in  early  In- 
dian life  in  the  West  Indies  may  be  ascribed  to  Dr.  Fewkes's  memoir 
on  "  The  Aborigines  of  Porto  Sico  and  Neighboring  Islands,"  which 
appears  in  the  twenty-fifth  annual  report.  Since  the  publication  of 
this  paper  the  new  material  has  become  so  abundant  that  plans  have 
been  made  for  Dr.  Fewkes  to  resume  his  study  of  West  Indian  arche- 
ology. The  most  noteworthy  collection  of  aboriginal  objects  from 
this  area  made  in  recent  years  is  that  of  George  G.  Heye,  Esq.,  of 
New  York,  who  courteoudy  bos  placed  his  material  at  the  disposal 
of  the  bureau  as  an  aid  to  these  investigations.  This  collection  has 
been  studied  by  Dr.  Fewkes  and  the  most  important  objects  con- 
tained therein  are  now  being  drawn  for  illustrative  purposes. 

Dr.  Fewkes's  researches  thus  far  indicate  that  the  so-called  Tainan 
culture  of  Porto  Bico  and  San  Domingo  was  represented  in  the 
Lesser  Antilles  by  an  agricultural  people,  probably  Arawak,  who 
were  conquered  and  absorbed  by  the  marauding  Carib.  Study  of  the 
collections  above  noted  tend  to  show  that  several  of  the  I^esser 
Antilles  were  marked  by  characteristic  types  of  pottery,  indicating 
their  occupancy  by  a  pec^Ie  superior  in  culture  to  the  Carib  and  to 
those  found  there  at  the  time  of  the  discovery  by  Columbus.  New 
light  has  been  shed  on  the  relations  of  these  early  Antillean  people 
and  the  Orinoco  tribes,  which,  although  generally  called  Carib,  were 
probably  an  antecedent  people  of  higher  culture. 

Mr.  James  Mooney,  ethnologist,  spent  the  first  three  months  of  the 
fiscal  year  in  continuing  investigations  among  the  East  Cherokee  of 
western  North  Carolina,  and  in  locating  and  investigating  mized- 
blood  remnant  bands  in  the  eastern  part  of  that  State.  The  Chert^ee 
work  consisted  chiefly  of  a  continuation  and  extension  of  the  study  of 
the  aboriginal  sacred  formulas  of  the  priests  and  doctors  of  the  tribe, 
with  the  accompanying  ceremonies  and  prescriptions.  Although  the 
former  dances  and  tribal  ^therings  have  fallen  into  disuse,  the 
family  rites  and  medical  ceremonies  still  hold  sway  among  tile  full 
bloods. 
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The  so-called  "Croatan  Indiana "  of  southeastern  Nortii  Carolina 
were  found  to  be  an  important  and  prosperous  community,  number> 
ing  about  8,000,  evidently  of  Indian  stock  with  admixture  of  nej^iro 
and  white  blood,  and  closely  resembling  the  Pamunkey  Indian  rem- 
nant tribe  in  Virginia,  but  with  no  survival  of  Indian  language  or 
cust<Hn  and  with  almost  no  knowledge  of  their  own  history.  After 
yeats  of  effort  they  have  secured  definite  State  recognition  as  an 
Indian  people.  There  is  no  foundation  in  fact  for  the  name  "Croa- 
tAn  Indians,"  which  they  themselves  now  repudiate,  and  in  all  prob- 
ability they  represent  the  mixed-blood  descendants  of  the  aboriginal 
tribes  of  the  region  which  they  now  occupy.  The  existence  was  also 
establi^ed,  and  the  location  ascertained,  of  several  smaller  bands  of 
similar  mixed-blood  stock,  but  without  official  recognition,  in  the 
eastern  section  of  the  two  Carolinas. 

The  remainder  of  the  year  was  devoted  by  Mr.  Mooney  to  the  ctHn- 
pilatitm  of  material  in  connection  with  his  pending  study  of  Indian 
population.  By  reason  of  the  shifting,  disintegration,  and  new  com- 
binatitms  of  tribes,  no  one  section  can  be  treated  separately  or  finally 
as  apart  from  others.  Considering  the  difficulties  met  in  a  study 
of  this  kind,  the  work  is  making  satisfactory  progress. 

Dr.  John  B.  Swanton,  ethnolt^ist,  devoted  most  of  the  year  to  field 
researches  among  the  Cnek  Indians  in-  Oklahoma.  These  investi- 
gations ccHitinued  fnxn  the  middle  of  Sept^nber,  1911,  to  the  middle 
of  May,  1912,  during  which  period  excursions  were  made  into  Texas 
to  visit  the  Alibamu  Indians  and  for  the  purpose  of  endeavoring  to 
trace  remnants  of  other  Texas  tribes,  and  to  the  Caddo  Indians  of 
southwestern  Oklahoma.  Ko  remains  of  Texas  tribes,  of  othnologio 
value,  other  than  the  Alibamu,  were  located,  but  a  considerable  mass 
of  material  was  obtained  fmn  the  latter.  Dr.  Swanton's  visit  to  the 
Caddo  was  with  the  view  of  learning  how  many  of  the  old  Caddo 
dialects  were  still  spoken,  and  some  valuable  documentary  material 
was  obtained  in  Natchitoches,  LfHiisiona.  Ko  words  of  Haiish,  sup- 
posed to  be  quite  distinct  fr<»n  the  other  Caddo  dialects,  could  be 
gathered,  but  evidence  was  obtained  tb&t  it  resembled  Adai.  In  the 
course  of  his  Creek  investigations  Dr.  Swantcai  visited  and  made 
photographs  of  every  busk  ground  ol  the  Creeks  and  Seminole  still 
maintained,  and  information  was  gathered  regarding  the  organiza- 
titm  of  the  "  big  house  "  in  each,  as  well  as  in  those  that  have  been 
abuidcmed.  Dr.  Swanton  devoted  July  and  August,  1911,  mainly  to 
tlie  study  of  the  Hitchiti  and  Natchez  languages,  and  the  period  sub- 
sequent to  his  return  to  Washiogttm  in  May,  1912,  was  occupied  in 
c<^yiog  his  field  notes  and  in  incidental  woric  on  the  Timucua 
language  of  ancient  Florida,  as  preserved  in  Father  Fareja's  writings, 
with  the  view  of  determining  whether  Timucua  bears  any  relation 
to  the  languages  of  the  Muskhogean  stock. 
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On  fais  way  from  Oklahoma  to  Washington,  Dr.  Swanton  stopped 
at  BIotHnington,  Indiana,  for  the  purpose  of  represmting  the  bureau 
at  the  fifth  annual  meeting  of  the  Hissassippi  Valley  Hi8t<»ical 
Association,  before  which  he  read  a  paper  on  **  De  Soto*s  line  of 
march,  frtnn  the  point  of  Tiew  of  an  ethnologist" 

Mrs.  M.  C.  Stevenson,  ethnologist,  continued  her  field  researches 
of  the  Tewa  tribes  of  New  Mexico  throughout  the  fiscal  year,  devoting 
attention  particularly  to  those  of  San  Ildefonso  and  Santa  Clam,  and 
incidentally  to  the  Tewa  of  Nambe  and  San  Juan.  The  pueblo  of 
Pojoaque  is  now  practically  extinct  as  an  Indian  settlement,  only 
about  six  Tewa  remaining  in  that  village.  Special  atteoition  was 
devoted  to  the  religious,  political,  and  social  organizations  of  these 
peoples,  which,  owing  to  their  extreme  conservatism,  are  difficult  to 
determine.  The  Tewa  are  divided  not  only  into  clans  with  patrilineal 
descent,  but  each  tribe  consists  of  a  Sun  people  and  an  Ice  people, 
each  with  its  own  kiva,  or  ceremonial  chamber.  At  San  Ildettxaso  the 
kiva  for  the  Sun  people  is  known  as  Po't^e,  "  Squash  kiva,"  and  that 
of  the  Ice  people  is  Kun'iyS't^,  "  Turquoise  kiva."  The  element  tee 
signifies  "  round,"  hence  indicating  that  originally  the  Tewa  kivas 
were  circular.  A  third  kiva  of  San  Ildefonso  is  called  T6ep08"'t«, 
meaning  "  Kound  gathering  or  sitting  place,"  and  symbolizes  a  lake. 
Although  from  its  trim  condition  this  kiva  appears  to  be  modem,  it 
is  in  reality  very  old,  and  within  the  memory  of  the  older  men  of 
San  Ildefonso  it  was  used  whenever  the  Sun  and  Ice  people  met  to- 
gether, because  of  its  large  size.  Large  councils  are  still  held  in  the 
T^poa*'te,  and  it  is  used  also  as  a  dressdng  room  for  the  dancers  par- 
ticipating in  ceremonies.  The  kivas  are  also  the  meeting  places  of 
the  sacred  fraternities.  The  Squash,  Summer  Bear,  and  Fire  organi- 
zations of  San  Ildefonso  hold  their  ceremonies  in  the  kiva  of  the 
Sun  people.  The  Fire  fraternity  was  adopted  in  the  ancient  past 
from  a  people  in  the  north  who  lived  in  skin  tipis,  wore  clothing  of 
dressed  deerskin,  and  spoke  a  strange  tongue.  This  fraternity  finally 
became  extinct,  and,  wishing  to  reestablish  it,  the  San  Ildefonso 
people  sent  four  men  to  the  Sun  people  of  Zufii  (whose  Fire  fra- 
ternity, according  to  tradition,  had  a  similar  origin),  who  initiated 
them  into  their  order,  thus  enabling  them  to  revive  the  fraternity  at 
San  Ildefonso.  The  Galaxy  and  Turquoise  fraternities  meet  in  the 
Turquoise  kiva.  The  members  of  the  former  organization  have  a 
fraternity  chamber  adjoining  this  kiva,  and  at  the  great  Buffalo 
festival  its  members  frequent  the  chamber  as  well  as  the  kiva. 

Each  fraternity  at  San  Ildefonso  has  a  tablet  altar,  which  is 
erected  on  the  western  side  of  the  kiva,  while  the  participants  in  the 
ceremonies  sit  facing  eastwnrd.  These  people  have  interesting  animal 
fetishes  and  many  human  images  of  stone  representing  their  anthropic 
gods.    They  appeal  to  their  zooic  deities  to  heal  diseases  inflicted  by 
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sorcery,  and  all  ceremonies  connected  with  these  supplications  are 
dramatic  in  character.  Anthropic  gode,  principally  anceetral,  are 
invoked  for  rain  and  the  fructification  of  the  earth,  llie  present 
priest  of  the  Sun  people  is  director  of  the  Summer  Bear  fraternity, 
and  he  is  also  the  keeper  of  the  calendar.  He  must  observe  the  daily 
rising  and  setting  of  the  sun  and  must  watch  tiie  rising  and  setting 
of  the  mcon.  Elaborate  solstice  ceremonies  are  performed.  Those 
for  the  summer  solstice  are  held  in  the  kiva  of  the  Sun  people.  The 
Ice  people  join  the  Sun  people  in  the  summer  ceremonies,  and  the 
Sun  people  join  the  loe  people  in  the  ceremonies  of  winter.  In  each 
kiva  the  two  rain  priests  sit  side  by  side,  the  priest  of  the  Ice  people 
always  at  the  ri^t  of  the  priest  of  the  Sun  people,  while  officers 
associated  with  each  priest  sit  in  line  with  him.  The  prayers  of  th.6 
priest  of  the  Sun  people  are  for  the  purpose  of  bringing  rain,  and  in 
order  that  they  may  be  answered  he  must  live  an  exemplary  life. 
The  same  beliefs  control  the  functions  of  the  prieet  of  the  Ice  people, 
who,  through  the  ceremonies  which  be  directs,  is  expected  to  induce 
cold  rains  and  snow  that  the  earth  may  not  become  hot  and  destroy 
the  v^etation.  All  male  children  are  initiated,  either  voluntarily  or 
involuntarily,  into  the  kiva  of  the  Sun  or  of  the  Ice  people,  '^eo 
a  husband  and  his  wife  belong  to  different  sides,  the  kiva  to  which 
the  child  shall  belong  is  selected  by  mutual  agreement,  and  a  repre- 
sentative of  that  kiva  is  chosen  as  his  ceremonial  father  immediately 
after  tlie  birth  of  the  child.  Frtmi  birth  to  deatii  the  lives  of  the 
Tewa  are  almost  a  continuous  ceremony.  The  ceremonial  father  ties 
native  cotton  yam  around  the  wrists  and  ankles  of  the  new-bom 
child,  that  its  life  may  be  made  complete.  The  initiation  ceremonies 
of  the  young  men  are  very  elaborate,  and  many  miles  are  traveled  on 
foot  to  the  summit  of  a  hi^  mountain  where  the  final  ceremonies  are 
performed.  Although  the  Tewa  are  professed  Christians,  they  ad- 
here tenaciously  to  their  native  religion  and  rituals ;  and  while  the 
church  performs  marriage  and  burial  services,  the  Indians  still  cling 
to  their  native  marriage  feasts  and  mortuary  ceremonies. 

The  cosmogony  of  the  Tewa  is  elaborate  and  complicated  and  bears 
closer  resemblance  to  that  of  the  Taos  Indians  than  to  that  of  the 
ZufiL  The  original  son  and  moon  are  believed  always  to  have  ex- 
isted, bat  the  present  sun  and  moon  were  bom  of  wcanan  after  the 
world  and  all  the  people  were  destroyed  by  a  great  flood.  The  myth 
associated  with  the  creation  of  these  deities  and  with  their  exploits 
is  of  great  interest. 

The  masks  of  the  anthropic  gods  are  never  seen  outside  of  the 
kivos  of  San  Ildefonso.  There  is  a  great  variety  of  these  masks, 
many  of  thou  similar  to  those  of  the  Zuni.  They  are  held  in  great 
secro^. 
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Rattlesnakes,  sacred  to  the  fraternities,  are  captured  when  yoratg 
and  are  reared  in  rooms  adjoining  the  kivas.  A  fluffy  eagfle  feather 
is  attached  to  the  head  of  the  snake  when  caught,  and  the  snake  is 
held  captive  with  a  string  sufficiently  long  to  allow  it  cc»isiderable 
freedom  until  it  becomes  accustomed  to  its  new  surroundings,  when 
the  string  is  removed.  Small  openings  in  the  chamber  allow  the 
snakes  to  pass  in  and  out.  In  one  ceremony,  which  takes  place  at 
daylight,  the  snakes  are  handled  outdoors,  but  on  such  occasions  the 
pueblo  is  so  patrolled  that  spying  by  outsiders  is  impossible,  although 
Mexicans  live  almost  in  the  heart  of  the  village.  The  Santa  CUrs 
people  likewise  make  use  of  live  snakes  in  certain  ceremonies,  aud 
they  also  have  a  large  owl  which  they  keep  secreted  as  carefully  as 
are  the  snakes. 

The  government  of  the  Tewa  differs  sranewhat  from  that  of  the 
Zuni.  While  the  governor  of  the  Zuni  has  to  do  with  civic  matteis 
only,  a  Tewa  governor  has  absolute  power  over  all  matters  concern- 
ing his  tribe  except  those  controlled  exclusively  by.  the  rain  prie^ 
and  the  war  priests.  Mrs.  Stevenson's  studies  of  the  natal  rites  of 
the  Tewa  indicate  that  they  are  more  like  those  of  the  Sia  than  of  the 
Zuni,  while  the  religious  ceremonies  connected  therewith  more  closely 
resemble  those  observed  by  the  Taos  people.  The  child  is  baptized 
in  accordance  with  aboriginal  customs  before  the  baptismal  rite  of  the 
church  is  performed.  At  the  present  time  the  infatit  is  usually 
carried  in  the  arms  instead  of  on  the  back  of  the  mother,  but  the 
small,  flat  cradle,  with  top,  and  headrest  with  turquoise  setting,  is 
made  as  it  was  cenUiries  ago. 

The  material  culture  of  the  Tewa  is  in  many  respects  similar  to 
that  of  the  Zu&i.  They  were  adept  in  the  textile  art  in  early  days 
when  cotton,  milkweed,  yucca,  and  the  hair  of  native  animals  were 
employed  in  weaving,  but  this  industry  became  lost  after  the  intro- 
duction of  sheep  by  the  Spaniards,  for  the  Tewa,  like  the  Taos  peo- 
ple, came  to  depend  upon  the  Zuni  and  Hopi  trades  for  woven  ga^ 
ments,  and  also  for  textile  paraphernalia  for  use  in  ceremonies.  One 
or  two  Tewa  have  revived  the  weaving  industry  to  some  extent— -> 
San  Ildefonso  man  learned  the  process  &<Hn  Santo  Domingo,  and  a 
man  of  Santa  Clara  acquired  it  from  the  Navaho.  The  dainty  baby 
moccasins  are  now  seldom  seen,  but  the  women  still  wear  moccasins 
with  heavy  leg  wrappings  during  ceremcmies,  while  at  other  times  a 
well-dressed  sheepskin  boot  tied  below  the  knee  is  worn,  ftH*  deer- 
skin has  become  rare.  Native  beads  are  now  very  seldom  seen.  Mrs. 
Stevenson's  study  of  Tewa  ceramics  has  convinced  her  that  tliose  who 
decorate  their  pottery  apply  their  designs,  especially  the  omventiooal 
patterns,  with  little  understanding  of  their  symbtdism,  the  signifi- 
cance of  which  has  become  extinct  When  questioned  the  potters 
always  have  a  ready  answer ;  hence  students  are  often  deceived.   With 


hEPORT  6f  the  sacBEiAitr.  47 

the  exception  of  the  black  ware  of  Santa  Clara,  the  pottery  of  the 
Tewa  has  greatly  deteriorated. 

Mrs.  Stevenson  has  been  enaUed  to  record  the  names  of  the  sacred 
mountains  of  the  Tewa  people,  as  well  as  the  myths  associated  with 
them.  In  their  general  beliefs  and  customs  the  Tewa  are  found  to 
be  intermediate  between  the  Taos  and  the  Zuni. 

The  beginning  of  the  fisc^  year  found  Dr.  Truman  Michelson, 
ethnol(^;ist,  engaged  in  an  investigation  among  the  Fox  Indians  near 
Tama,  Iowa,  with  whom  he  remained  until  the  middle  of  Auj^ust, 
when  he  proceeded  to  Oklahoma,  where  he  initiated  researches  among 
the  Sauk  Indians  of  that  State.  Dr.  Michelson  was  very  successful 
in  recording  the  myths  and  tales  of  the  Foxes,  which  covered  about 
2,300  pages  of  texts.  He  obtained  likewise  some  notes  on  the  cere* 
monial  and  social  organization  of  that  tribe,  but  these  are  neither 
full  nor  complete,  as  the  Foxes  are,  without  exception,  the  most  coa- 
servative  of  the  Algonquian  tribes  within  the  United  States.  While 
among  the  Sauk  Dr.  Michelson,  with  the  aid  of  a  native  interpreter^ 
translated  some  of  the  Fox  myths  and  tales  collected  in  Iowa,  but 
his  chief  wc»k  in  Oklahoma  consisted  of  gaining  an  insist  into  ihe 
Sauk  ceremonial  and  social  organizati<xi.  He  also  translated,  with 
the  assistance  of  a  Sauk,  the  Klckapoo  texts  collected  by  the  late  Dr. 
William  Jones,  subsequently  correcting  the  version  with  a  Kickapoo 
informant  The  dialectic  differences  between  Sauk,  Fox,  and  Kidca- 
poo  are  not  great,  and  as  few  of  the  Mexican  Kickapoo  now  speak 
any  but  bn^en  English,  a  Sauk  was  employed  in  making  the  first 
draft  of  the  translation. 

Among  the  Shawnee  of  Oklahoma  Dr.  Michelson's  wwk  was  pri- 
marily linguistic.  The  results  confirmed  his  opinion,  gathered  from 
the  late  Dr.  Oatschet's  notes  and  texts,  that  the  Shawnee  language  is 
most  intimately  connected  with  Sauk,  Fox,  and  Kickapoo,  oa  the  one 
hand,  and  with  the  Abnaki  dialects  on  the  other.  He  also  gathered 
some  Shawnee  myths,  partly  in  texts,  partly  on  the  phonograph,  and 
a  beginning  was  made  on  the  Shawnee  social  organization.  It  was 
found  that,  apparently,  the  larger  divisions  are  not  phratries,  nor 
are  their  clans  exogamous,  as  already  noted  by  Dr.  Gatschet,  despite 
(he  ordinaty  view.  The  question  of  exogamy  or  endogamy  amcng 
the  Shawnee  is  fixed  merely  by  blood  relationship. 

Ammg  the  Mexican  Kickapoo  Dr.  Michelson  gathered  some  addi- 
tional texts,  corrected  the  translations  of  Dr.  Jones's  Kickapoo  texts, 
as  above  noted,  made  observations  on  Kickapoo  clan  organization, 
and  gathered  also  linguiMic  data  which  shed  further  light  on  the 
relations  of  the  Sauk,  Fox,  and  Kickapoo  dialects. 

Dr.  Michelson  returned  to  Washington  about  the  middle  of  Decem- 
ber and  commenced  the  elaboration  of  his  field  notes.  In  January  he 
visited  the  Carlisle  Industrial  School,  where  he  procured  linguistic 
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data  on  Ottawa,  Turtle  Monntain  Chippewa,  Potawatomi,  Abnaki, 
Menominee,  Sauk,  and  Arapaho.  The  moat  important  result  obtained 
is  the  fact  that  the  so-called  Turtle  Mountain  Chippewa  is  really 
Cree — at  least  such  is  the  language  of  the  pupils  at  Carlisle.  Whether 
the  entire  band  is  Cree  is  another  question.  Dr.  Michelson's  opinion 
that  Arapaho  is  the  most  divergent  Algonquian  dialect  was  con- 
firmed, and  it  was  made  more  nearly  certain  that  Menominee  dis- 
tinctly  belongs  with  Cree,  not  with  Chippewa.  Dr.  Michelson  re- 
turned from  Carlisle  in  the  following  month,  when  he  was  compelled 
to  submit  to  an  operation  for  trachoma,  which  apparently  had  been 
contracted  during  his  field  researches  of  the  previous  summer.  On 
resuming  his  duties  it  was  found  advisable  to  incorporate  the  lin- 
guistic notes  obtained  in  the  summer  and  fall  of  1911  and  the  winter 
of  1911-12,  so  far  as  practicable,  in  his  memoir  on  the  linguistic 
Classification  of  the  Algonquian  Tribes,  then  in  galley  proof  prepar- 
atory to  publication  in  the  twenty-ei^tb  annual  report.  The  valae 
and  completeness  of  this  paper  were  thereby  greatly  enhanced. 

While  in  the  office  Dr.  Michelaon  was  frequently  called  on  to  fur- 
nish data  for  answering  letters  of  inquiry,  and  he  also  found  oppor- 
tunity to  furnish  notes  of  addenda  and  corrigenda  for  a  future  edi- 
tion of  the  Handbook  of  American  Indians. 

Mr.  J.  N.  B.  Hewitt,  ethnologist,  was  engaged  throu^out  tbe  year 
in  office  work,  continuing  the  editing  and  copying  of  the  legends,  tra- 
ditions, and  myths  of  the  Seneca,  collected  by  the  late  Jeremiah  Cor- 
tin  in  1884-85.  Of  the  original  list  of  120itemsc(»nposingthismann- 
script  collection,  86  have  been  edited  and  typewritten,  exclusive  of 
two  items  which  were  translated  from  inedited  texts.  While  this 
work  is  DOW  practically  complete,  the  apparent  discrepancy  in  the 
niunber  of  edited  and  typewritten  items  (about  3S)  is  due  to  the  fact 
that  the  original  list  contained  a  number  of  texts  of  little  ethnol*^- 
cal  value,  being  merely  narratives  of  local  and  personal  adventures  of 
modem  Indians  with  ghosts,  and  the  like,  and  tales  about  modem 
witchcraft  The  two  items  completely  translated  were  difficult  of  ren- 
dering, as  they  were  partly  illegible  and  had  been  left  inedited.  Two 
or  three  texts  of  similar  character  remained  to  be  translated,  and  on 
these  Mr.  Hewitt  was  engaged  at  the  close  of  the  fiscal  year.  The 
Seneca  material  collected  by  Mr.  Curtin  and  placed  in  condition  for 
publication  by  Mr.  Hewitt  now  comprises  1,350  pages. 

In  addition  Mr.  Hewitt  undertook  the  work  of  translating  a  ntun- 
ber  of  inedited  and  uncorrected  manuscripts  bearing  on  Seneca  tradi- 
tions and  legendary  lore  recorded  by  himself  in  1896.  ThirteMi  of 
theee  items  were  translated,  aggregating  410  pages. 

As  in  the  past,  Mr.  Hewitt  devoted  considerable  time  to  c<^ecting 
and  preparing  data  for  replies  to  ctHreepondents  on  linguistic,  his- 
torical,  sociological,  and  technical  subjects,  and  served  also  as  custo- 
dian of  manuscripts. 


BBPOBT  07  IHB  aBOBBTABr.  49 

Mr.  Francis  La  Flesche,  ethnologist,  was  engaged  during  the  year 
in  the  further  study  of  the  tribal  rites  of  the  Osage  Indians  in  Okla- 
homa. These  rites  are  regarded  by  the  Osage  as  mysterious,  and, 
being  held  in  great  awe  by  the  tribe,  are  very  difficult  to  obtain,  even 
by  their  own  members.  Instances  are  pointed  out  where,  in  the  belief 
of  the  Osage,  persons  in  officiating  at  cerem<Hiies  made  mistakes  in 
the  form  or  in  the  recitation  of  the  rituals  and  in  the  singing  of  the 
songs,  and  have  therefore  become  insane,  or  blind,  or  have  met  with 
violent  death.  The  murder  of  Saucy  Calf,  a  man  of  high  standing 
in  his  tribe,  and  the  burning  of  his  house  last  winter  are  attributed 
by  his  people  to  the  fact  that  he  gave  away  certain  rituals  and  songs 
of  the  sacred  tribal  ceremonies.  Frtwn  Saucy  Calf  Mr.  La  Flesche 
had  obtained  the  entire  first  degree  of  tiie  No°ho''zhi°ga  rites,  and 
while  the  two  were  together  the  old  seer  frequently  expressed  the  fear 
that  some  harm  might  oome  to  him  for  parting  with  these  religious 
secrets.  By  reason  of  the  superstitious  awe  in  which  these  sacred 
rites  are  held,  Mr.  La  Flesche's  studies  in  this  particular  have  been 
necessarily  slow,  since  it  was  essential  for  him  first  to  gain  the  full 
confidence  of  those  versed  therein.  Notwithstanding  this  diffi- 
culty, be  has  been  fwtunate- enough  to  procure  the  full  ritual  of  the 
Hibernating  of  the  Black  Bear,  whidi  pertains  to  the  origin  of  the 
seven  and  six  war  honors  of  the  tribe,  and  is  recited  by  the  men  mem- 
bers of  the  No^bCzhi^ga  of  the  Black  Bear  clan  at  the  sacred-bundle 
ceremony  whm  the  warrior  chosen  recounts  his  war  honors  and  takes 
up  the  seven  and  six  willow  sapHngs  to  count  and  the  songs  of  this 
part  of  the  ceremony  are  being  sung  by  the  officiating  priest.  A  re- 
lated ritual,  which  tells  of  the  rearing  of  a  child  to  the  completion  of  its 
life,  is  recited  when  a  widow  is  being  initiated  into  the  No''ho°zhi''ga 
to  take  the  place  of  her  husband ;  but  Mr.  La  Flesche  has  not  yet  been 
able  to  record  this,  owing  to  the  dread  inspired  by  the  death  of  Saucy 
Calf.  However,  after  considerable  difficulty  he  succeeded  in  obtain- 
ing six  rituals  frmn  Waxrizhi,  whose  father,  who  died  about  a  year 
before,  is  said  to  have  been  the  last  of  the  No''ho°zhi°ga  men  thor- 
oughly versed  in  the  ancient  rites. 

Another  ritual  obtained  is  the  Dream  Bitual,  with  literal  and  free 
translations.  This  is  a  narration  of  a  N'o''ho^zhi''ga's  fast  dream  of 
the  sacred  packs,  a  number  of  which  have  been  procured  and  trans- 
ferred to  the  National  Museum. 

Still  another  ritual,  known  as  the  Wi-gi-e  Paho-gre,  "  First  of  the 
Rituals,"  with  literal  and  free  translations,  was  recorded.  This  tells 
of  the  coming  of  the  HCga  of  the  Seven  Fireplaces,  or  clans,  to  the 
earth  from  tbe  sky  by  permission  of  the  Sun,  Moon,  and  Morning 
and  Evening  stars,  and  with  the  aid  of  the  Winged  Ho'ga,  or 
"  Spotted  Eagle  " ;  of  their  finding  the  earth  covered  with  water 
when  they  descended;  their  having  to  rest  on  the  tops  of  seven  red- 
oak  trees,  until,  by  his  magic  power,  the  Elk  dispersed  the  waters  . 
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and  made  dry  land  appear;  their  meeting  with  the  crawfish,  which 
brought  from  out  of  the  earth  clays  of  different  colors  to  be  used 
by  the  people  of  the  Ho'ga  cUn  for  symbolic  purposes  in  their 
No'ho»zhi°ga  rites.  The  No''ho''Khi"ga  are  said  to  be  exceedingly 
careful  not  to  recite  this  ritual  to  anyone  unless  given  large  fees. 

The  ritual  of  the  Birth  of  the  Sacred  Bird,  also  recorded  and 
translated  by  Mr.  La  Fleache,  relates  to  the  adoption  of  the  hawk  as 
a  war  symbol  and  is  in  the  form  of  a  l^;end  telling  of  the  birth  of 
the  bird,  as  of  a  human  being,  to  the  sister  of  four  brothers  who 
attended  the  delivery  of  the  child.  The  story  begins  with  the  birth, 
gives  the  details  of  each  stage  of  growth,  and  tells  of  the  prediction 
of  the  four  brothers  that  their  nephew  was  destined  to  become  a  great 
warrior.  The  child  becomes  fretful  and  wails  ceaselessly  until  the 
skins  of  seven  prey  animals  and  a  bow  with  a  bit  of  scalp  attached 
are  brought  to  it  by  its  uncles.  For  this  reason  no  one  can  be  initi- 
ated into  the  order  of  the  No°ho"zhi"ga  unless  he  furnishes  the  skins 
of  these  seven  animals. 

The  ritual  of  the  Symbolic  Painting  was  likewise  recorded.  This 
relates  to  the  symbolic  painting  of  the  man  who  acts  as  the  initiator 
in  the  initiation  of  a  new  member  of  the  No"ho"zhi"ga  order.  The 
paint  is  symbolic  of  the  dawn  and  the  rising  sun. 

Another  ritual,  that  of  the  Approach  to  the  House  of  Initiation, 
is  recited  by  the  officiating  ptiest  while  he,  the  initiator,  and  the 
votary  ceremonially  approach  the  place  of  meeting  of  the  No°ho"- 
zfai'ga  for  performing  some  of  the  ceremonies.  It  relates  to  the 
Tsi'-wa-ko"-da-gi,  or  "  mysterious  house,"  of  the  Ho'ga  clan. 

The  ritual  of  Feeding  of  the  Fire  relates  to  the  ceremonial  building 
of  the  sacred  fire  at  the  place  of  gathering  of  the  No"ho»zhi"ga  to 
perform  one  of  the  ceremonies.  It  is  an  appeal  to  the  supernatural 
for  aid  in  obtaining  deer  for  the  sustenance  of  life  and  also  for  help 
to  overcome  the  tribes  which  menace  the  lives,  the  peace,  and  the 
happiness  of  the  people. 

While  these  rituals  are  in  themselves  complete,  each  one  forms  a 
part  of  the  great  N'o°ho»zhi"ga  rite,  which  Mr.  La  Flesche  is  en- 
deavoring to  record  in  its  entirety. 

Aside  from  the  rituals  and  songs,  Mr.  La  Flesche  has  procured 
stories  of  the  wako"' dagi,  or  medicine  men,  and  of  the  strange  animals 
from  which  they  obtained  supernatural  powers;  he  has  also  recorded 
love  stories,  stories  of  those  who  had  died  and  returned  to  life,  war 
stories,  and  myths.  Some  of  these  have  been  transcribed  in  final 
form.  In  all,  the  text  of  these  stories  aggregates  about  250  pages. 
Mr.  La  Flesche,  however,  has  given  comparatively  little  attention  to 
legends  and  stories  of  this  kind,  having  devoted  his  energies  chiefly 
to  the  secret  rites  that  at  one  time  meant  so  much  to  the  Osage  people, 
and  which  are  so  rapidly  disappearing. 
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By  agreement  with  Mr.  Karl  Moon,  noted  for  his  work  in  Indian 
photography,  the  bureau  is  to  receive  a  series  of  Osage  photographs, 
taken  with  the  aid  of  Mr.  La  Flesehe,  who  made  the  necessary  ar- 
rangenients  with  the  Indians  to  pose  for  them.  Mr.  La  Flesehe  re- 
ceived as  a  ^ft  from  Wano^shezhi'ga  the  sacred  bundle  of  the  Eagle 
clan,  to  which  he  belongs.  This  fine  specimen  has  been  transferred 
to  the  National  Museum,  where  it  is  placed  with  the  other  Osage 
bundles  that  he  has  been  so  fortunate  as  to  obtain. 

Dr.  Paul  Radin,  ^lm(dogist,  was  among  the  Winnebago  Indians  of 
Wisconsin  at  the  opening  of  the  fiscal  year,  having  resumed  his  in- 
vestigations of  this  people  in  the  preceding  month.  These  were  con- 
tinued to  completion,  and  in  October,  1911,  Dr.  Radin  returned  to 
Washington  and  continued  the  preparation  of  a  monograph  on  the 
ethnology  of  the  Winnebago  tribe,  which  was  brought  to  completion 
and  submitted  in  the  latter  part  of  March,  1912.  Although  the 
medium  of  publication  of  this  memoir  has  not  yet  been  determined, 
it  is  probable  that  it  will  appear  as  the  accompanying  paper  of  the 
twenty-ninth  annual  report. 

Dr.  Franz  Boas,  honorary  philologist,  continued  the  linguistic  re- 
searches  outlined  in  previous  reports,  the  immediate  object  of  which 
is  the  completion  of  part  2  of  the  Handbook  of  American  Indian 
Languages,  which  is  to  contain  sketches  of  the  native  languages  of 
Oregon  and  Washington,  with  some  additional  material  on  the  ex- 
treme northwestern  part  of  the  continent.  An  account  of  the  devel- 
opment of  the  plan  and  object  ctf  this  Handbook  was  set  forth  in  my 
last  annual  report. 

The  printing  of  the  sketch  of  the  Takelma  grammar,  by  Dr.  Ed- 
ward Sapir,  for  this  Handbook,  has  been  completed,  and  the  separates 
thereof  have  been  issued.  The  work  of  Dr.  Leo  J.  Frachtenberg  un- 
fortunately suffered  delay  owing  to  protracted  illness.  His  revision 
of  the  Cooe  grammar,  however,  has  been  almost  completed,  and  it 
is  expected  that  the  manuscript  of  the  Siuslaw  grammar  will  be  in 
the  hands  of  Dr.  Boas,  as  editor  of  the  Handbook,  by  August  of  this 
year.  The  necessary  6nal  revision  of  the  subject  matt«r  of  both 
sk^hes  was  made  by  Dr.  Frachtenberg  at  Siletz,  Oregon. 

Dr.  Boas  rewrote  a  grammar  of  the  Chukchee  language,  with  com- 
parative notes  on  the  Koryak  and  Kamchadal,  by  Mr.  Waldemar 
Bc^oras,  and  added  references  to  the  published  Russian  and  Knglish 
series  of  Chukchee  texts,  which  had  been  published  previously  by 
Mr.  Bogoras.  Id  the  course  of  the  year  this  manuscript  was  also  type- 
written end  prepared  for  the  printer.  In  the  smnmer  of  19^12  Dr. 
Boas  met  Mr.  Bogoras  in  Berlin  and  discussed  with  tiim  the  revised 
form  of  the  grammar.  At  the  close  of  the  year  the  results  of  these 
discussicms  were  being  tncorp<mited  in  the  grammar,  and  it  is  ex- 
pected tiiat  the  manuscript  will  be  ready  for  the  printer  early  in  the 


.)glc 


52  ANNUAL  BBPOBT   SMITHSONIAN   INSTITUnON,  1912. 

Dr.  Boas  has  followed  out  tbe  policy  of  printing  texts  illustrating' 
the  gramiDatical  sketches  io  a  series  which  according  to  the  original 
plan  were  to  have  been  published  as  bulIetiBS  of  the  bureau,  but  this 
plan  was  abandoned  for  administrative  reasons.  During  the  present 
year  the  series  of  Tsimshian  texts,  illustrating  the  Tsimshuin  dialect, 
was  published  as  Volume  III  of  the  Publications  of  the  American 
Ethnological  Society,  and  tbe  series  of  Maidu  texts  as  Volume  IV 
of  the  same  series.  These  illustrate  languages  contained  in  part  1 
of  the  Handbook,  so  that  now  texts  for  all  the  languages  therein 
treated  are  available  to  students. 

The  printing  of  the  Ckwa  texts,  by  Dr.  Frachtenbwg,  which  are  to 
appear  as  Volume  I  of  the  Columbia  University  Contributions  to 
Anthropology,  has  almost  been  completed,  and  the  printed  matter 
has  been  utilized  to  illustrate  the  sketch  of  the  language. 

The  research  in  Indian  music  by  Miss  Frances  Densmore  was 
characterized  by  the  completion  of  her  studies  am(mg  the  Chippewa  ' 
and  the  beginning  of  investigations  along  similar  lines  among  the 
Sioux.  Miss  Denanore's  field  work  c(»nprised  one  month  with  tbe 
Sioux  on  the  Sissetcm  Beserration  in  South  Dakota,  about  two 
months  on  Standing  Rock  Beservati<m  in  North  Dakota,  and  a  few 
days  on  the  White  Earth  Beservation  in  Minnesota  for  the  final 
revision  of  s<»ne  descriptions  and  translations  in  her  Chippewa 
manuscripts.  The  finished  results  submitted  during  the  year  coai' 
prised  material  on  both  Chippewa  and  Sioux  music.  Two  papers  on 
Chippewa  studies  were  presented,  one  entitled  "  Further  Analyses 
of  Chippewa  Songs,"  the  other  bearing  the  title  "  Deductions  from  the 
Analysis  of  Chippewa  Music."  In  addition  Miss  D^ismore  finished 
about  100  pages  Uiat  included  additional  references  to  the  bibliography 
of  the  subject,  a  more  complete  explanation  of  minor  points,  some 
linguistic  analyses,  and  slight  changes  in  the  analysis  of  individual 
songs  to  conform  with  present  methods — all  this  wis*  complete  for 
publication  whan  submitted.  Her  paper  <hi  "  The  Sun  Dance  of  the 
TetMi  Sioux,"  including  S3  songs,  could  be  published  in  its  present 
form,  but  it  is  deemed  desirable  to  add  a  structural  analysis  of  the 
songs  similar  to  that  accompanying  the  Chippewa  material. 

Additional  illustrations  for  the  Chippewa  studies  have  been  sub- 
mitted during  the  year,  also  adequate  illustrations  for  tiie  paper  on 
the  Sun  dance  of  the  Sioux.  With  few  exceptions  these  illustrations 
are  photographs  taken  especially  fw  the  work,  many  being  pictures 
of  old  cerem(xiial  articles  used  in  the  Sun  dance.  Considerable  atten- 
tion also  has  been  given  to  the  collecting  of  specimens  having  an 
interest  in  connection  with  the  work. 

Mr.  W.  H.  Holmes,  head  curator  of  the  department  of  anthropology 
of  the  United  States  National  Museum,  has  continued,  as  oppor- 
tunity aff<H'ded,  the  preparation  of  the  Handbook  of  Archeology 
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commenced  by  him  while  chief  of  the  bureau.  The  main  bod;  of  the 
research  w<H-k  in  oonnection  with  this  Handbook  has  been  completed, 
but  moch  remains  in  the  way  of  literary  investigation  and  in  the 
preparation  of  illustrations.  While  no  time  can  yet  be  fixed  for  the 
completion  of  the  work,  Mr.  Holmes  hopes  to  finish  the  manuscript 
and  the  illustrations  for  the  first  volume  before  the  summer  of  lfil3. 

Good  progress  has  been  made  in  transcribing  the  manuscript 
French-Miami  dictionary,  by  an  unknown  author  but  attributed  to 
P6re  Joseph  Ignatius  Le  Boulanger,  in  the  John  Carter  Brown 
Library  at  Providence,  Khode  Island.  The  copying  has  been  made 
possible  through  the  courtesy  of  Mr.  George  Parker  Winship,  libra- 
rian, who  not  only  has  placed  this  valuable  manuscript  at  the  dis- 
posal of  the  bureau  for  this  purpose,  but  has  kindly  permitted  his  ' 
assistant,  Miss  Margaret  Bingham  Stillwell,  to  prepare  the  tran- 
script, and  pers(H)ally  has  supervised  the  making  of  photostat  copies 
of  part  of  the  manuscript,  especially  that  devoted  to  the  text  portion. 
During  the  year  Miss  Stillwell  finished  and  submitted  the  transcript 
of  295  pagesj  representing  pages  20  to  77  of  the  original. 

Prof.  Howard  M.  Ballou,  of  the  College  of  Hawaii,  has  continued 
the  search  for  titles  for  the  proposed  List  of  Works  Relating  to 
Hawaii,  especially  those  of  works  published  locally  in  the  native 
language,  many  of  which  ai%  very  rare.  In  this  work  Prof.  Ballou 
has  had  the  generous  assistance  of  the  Rev.  Mr.  Westervelt  This 
bibliography  has  now  reached  a  stage  where  steps  should  soon  be 
taken  toward  finally  arranging  the  material  for  publication. 

There  has  long  been  need  of  a  revision  of  the  Catalogue  of  Pre- 
historic Works  East  of  the  Rocky  Mountains,  prepared  by  the  late 
Dr.  Cyrus  Thomas  and  published  as  a  bulletin  of  the  bureau  in  1891, 
but  which  passed  out  of  print  several  years  ago.  In  the  fall  of  1911 
steps  were  taken  toward  undertaking  this  revision,  and  the  bureau 
was  fortunate  at  the  outset  in  engaging  the  services  of  Mr.  D.  I. 
Busbnell,  jr.,  of  University,  Virginia,  as  compiler  of  the  work.  Cir- 
cular letters  were  dispatched  to  county  clerks  east  of  the  Mississippi, 
who  not  only  supplied  direct  information  respecting  aboriginal  sites, 
but  furnished  the  names  of  hundreds  of  collectors  and  others  having 
personal  knowledge  of  the  subject,  and  to  these  special  letters  were 
addressed.  By  this  means  so  mnch  information  of  a  local  character 
was  received  in  regard  to  the  location  of  mounds,  vUlage  and  camp 
sites,  shell  heaps,  quarries  and  workshops,  pictographs,  etc.,  in  addi- 
tion to  that  recorded  in  the  Catalogue  of  Dr.  Thomas,  that  the  revised 
wwk  gives  promise  of  being  a  fairly  complete  Handbook  of  Aborig- 
inal Remains  East  of  the  Mississippi.'  Besides  finishing  the  collation 
of  this  material  and  of  other  data  already  in  possession  of  the  bureau, 
Mr.  Busbnell  has  made  good  progress  in  extracting  the  informaticsi 
ccmtained  in  various  publications  devoted  to  American  archeology, 
8C3eo'— an  1912 C 
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notably  those  l^  Mr.  Clarence  B.  Moore  on  the  mounds  of  the  South. 
In  this  ctHnpilation  the  bureau  has  had  the  generous  cooperation  of 
Mr.  Arthur  C.  Parker,  State  archeologist  of  New  York,  and  of  Mr. 
Warren  K.  Mom?ehead,  curator  of  the  department  of  archeology  of 
Phillips  Academy,  Andover,  Massachusetts,  while  others  have  kindly 
offered  their  aid.    No  date  for  the  publication  can  yet  be  given. 

PUBLICATIONS. 

The  editorial  work  of  the  bureau  has  been  conducted  under  the 
immediate  charge  of  Mr.  J.  G.  Gurley,  editor.  The  proof  reading 
of  the  twenty-seventh  annual  report,  the  accompanying  paper  of 
which  is  a  monograph  entitled  "The  Omaha  Tribe,"  by  Alice  C. 
Fletcher  and  Francis  La  Flesche,  was  completed  and  the  report 
published. 

The  manuscript  of  the  twenty -eighth  annual  report  was  edited  and 
transmitted  to  the  Public  Printer.  At  the  close  of  the  year  about 
one-third  of  this  report  was  in  page  form,  and  the  remainder  was  in 
process  of  paging.  This  report  includes  the  following  papers :  Casa 
Grande,  Arizona,  by  Dr.  J.  Walter  Fewkes;  Antiquities  of  the  Upper  . 
Verde  River  and  Walnut  Creek  Valley,  Arizona,  also  by  Dr.  Fewkes, 
and  Preliminary  Report  on  the  Linguistic  Classification  of  Algon- 
quian  Tribes,  by  Dr.  Truman  Michelson. 

The  series  of  bulletins  was  increased  by  the  addition  of  Bulletin  47, 
A  Dictionary  of  the  Biloxi  and  Ofo  Languages,  Accompanied  by 
Thirty-one  Biloxi  Tests  and  Numerous  Biloxi  Phrases,  by  James 
Owen  Doraey  and  John  R.  Swanton. 

Bulletin  49,  List  of  Publications  of  the  Bureau,  was  issued  in  a 
third  impression. 

Bulletin  40,  Handbook  of  American  Indian  Languages,  Part  2,  was 
carried  toward  completion  under  the  editorship  of  Dr.  Franz  Boas, 
as  elsewhere  stated,  with  the  result  that  two  sections,  compriang  418 
pages,  dealing  with  the  Takelma  and  Coos  languages,  are  in  substan- 
tially final  form. 

Toward  the  close  of  the  year  steps  were  taken  to  advance  the  work 
on  Bulletin  46,  Byington's  Choctaw  Dictionary,  edited  by  Dr.  Jrfin 
R.  Swanton. 

Considerable  time  was  given  to  the  editing  and  proof  reading  of 
Bulletin  52,  Early  Man  in  South  America,  by  Ales  Hrdli^ka,  in  col- 
laboration with  W.  H.  Holmes,  Bailey  Willis,  Fred.  Eugene  Wright, 
and  Clarence  N.  Fenner.  At  the  close  of  June  the  work  was  nearly 
through  press. 

The  last  bulletin  to  receive  attention  was  No.  53 — Chippewa 
Music — II,  by  Frances  Densmore.  Substantial  progress  on  the  prep- 
aration of  the  author's  material  for  the  press  had  been  made  at  the 
close  of  the  fiscal  year. 
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The  demand  for  the  publications  of  the  bureau  continues  to  increase, 
and  their  distribution,  numbering  15,003  copies  during  the  year,  neces- 
sitated extended  correspondence.  The  distribution  of  the  bureau 
publications  has  been  under  the  immediate  care  of  Miss  Helen  Munroe 
and  Mr.  E.  L,  Springer,  of  the  Smithsonian  Institution. 

A  concurrent  resolution  authorizing  the  reprinting  of  the  Hand- 
book of  American  Indians  was  introduced  in  the  Senate  and  passed 
on  Mrj  11,  1912,  and  subsequently  was  favorably  reported  by  the 
Committee  cm  Printing  of  the  House  of  Representatives,  but  it  had 
not  been  passed  at  the  close  of  the  fiscal  year. 

lIJ>U8THATION8. 

The  preparation  of  tlie  illustrations  for  the  publications  of  the 
bureau  and  the  photographing  of  the  members  of  visiting  delega- 
tions of  Indians  were  conducted  under  the  charge  of  Mr,  De  Lancey 
Gill,  illustrator.  In  connection  with  this  work  90  phot(^raphic 
negatives  of  Indians  and  123  of  ethnologic  subjects  were  prepared ; 
190  films  exposed  by  members  of  the  bureau  in  the  field  were  devel- 
oped; 1,322  prints  were  made  for  publication  and  for  exchange  or 
distribotics) ;  and  110  pen  and  brash  drawings  were  prepared.  At 
the  request  of  Mr.  Wilberforce  Eames,  of  the  New  York  Public 
Library,  a  collection  of  118  photographs  of  representative  Indians, 
covering  65  tribes,  was  furnished  by  the  bureau  as  a  part  of  a  loan 
exhibition  <q>ened  at  that  library  in  May  and  was  still  on  view  at 
the  close  of  the  fiscal  year. 

Hr.  Oill  had  the  usual  assistance  of  Henry  Walther  until  February 
16,  1912,  when  bis  services  in  behalf  of  the  bureau  for  many  years 
came  to  a  close  with  his  death.  Mr.  Walther  has  been  succeeded  by 
Walter  A.  Stenhouse. 


Under  the  supervision  of  Miss  Ella  Iicary  the  work  of  the  library 
has  made  satisfactory  progress.  During  the  year  720  volumes  (1(^ 
by  purchase)  and  300  pamphlets  were  received;  in  addititm  620 
periodical  publications,  of  which  606  were  acquired  by  exchange  and 
the  remainder  by  subscription,  were  accessioned.  The  recataloging 
of  certain  serial  publicatitms  in  the  library  has  been  continued,  and 
attention  given  to  the  preparation  of  a  subject  catalogue  of  the  large 
collection  of  pamphlets,  many  of  which  had  been  stored  and  there- 
fore were  inaccessible  for  three  or  four  years.  Successful  effort  has 
been  made  to  complete  the  sets  of  certain  publications  of  scientific 
societies  and  other  learned  institutions.  For  the  use  of  the  members 
of  the  staff  the  librarian  has  prepared  and  posted  copies  of  a  monthly 
bulletin  of  the  library's  principal  accessions;  and  in  order  that  the 
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large  number  of  scientific  aerials  received  might  also  be  made  readily 
accessible,  the  current  issues  have  been  displayed  on  a  table  provided 
for  that  purpose. 

Notwithstanding  the  increasing  value  of  the  bureau's  library,  it 
was  found  necessary,  from  time  to  time,  to  make  requisition  on  the 
Library  of  Congress  for  the  loan  of  books,  the  vdumes  thus  received 
for  temporary  use  numbering  about  250.  The  volumes  bound  during 
the  year  numbered  492.  At  the  close  of  the  year  the  library  con- 
tained approximately  17,970  volumes,  about  12,500  pamphlet^  and 
several  thousand  periodicals.  Although  maintained  primarily  as  a 
reference  library  for  the  bureau's  staff,  it  is  constantly  consulted  by 
students  not  connected  with  the  Smithsonian  Institution  and  by  offi- 
cials of  the  executive  departments  and  the  Library  of  Congress. 

COLLECTIONS. 

The  following  collections  were  made  by  members  of  the  staff  of 
the  bureau  during  their  field  researches : 

By  Mr.  F.  W.  Hodge:  Twenty-two  paper  squeezes  of  early  and 
recent  Spanish  inscriptions  on  El  Morro,  or  Inscriptifm  Rock,  in 
New  Mexico.  Objects  of  stone,  bone,  clay,  etc.,  from  the  cemetery  of 
the  ancient  ruined  pueblo  of  Kwasteyukwa  on  the  mesa  above  the 
Jemez  Hot  Springs,  New  Mexico.  Ten  barrels  of  pottery  and  human 
skeletal  remains  from  the  same  locality.  These  collections  were  made 
under  a  joint  expedition  conducted  by  the  bureau  and  the  School  of 
American  Archasology. 

By  Dr.  John  R.  Swanton :  Two  ball  sticks,  one  ball,  one  breech- 
cloth  and  belt,  one  tiger  tail,  from  the  Creek  Indians  at  Coweta,  Okla- 
homa. 

By  Mr.  James  Mooney :  Four  dance  masks,  two  pairs  of  ball  sticks, 
two  toy  baskets,  two  wooden  spoons,  one  ox  muzzle,  one  stone  ax,  one 
small  celt,  three  arrowheads,  from  the  Cherokee  Indians  of  North 
Carolina. 

By  Mr.  Francis  La  Fiesche:  Two  sacred  packs  of  the  Osage 
Indians. 


The  most  valuable  part  of  the  property  of  the  bureau  consists  of 
its  library,  manuscripts  (chiefly  linguistic),  and  photographic  nega- 
tives. The  bureau  possesses  also  cameras,  photographic  machines, 
and  other  ordinary  apparatus  and  equipment  for  field  work;  sta- 
tionery and  office  supplies;  necessary  office  furniture;  typewriters, 
etc.,  and  the  undistributed  stock  of  its  publications.  The  amount  of 
$342.27  was  expended  for  office  furniture  during  the  year,  while  the 
cost  of  necessary  books  and  periodicals  was  $396.42. 
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As  in  the  past,  the  manuscripts  have  been  under  the  custodianship 
of  Mr.  J.  N.  B.  Hewitt.  Those  withdrawn  by  collaborators  of  the 
bureau  during  the  year  numbered  234  items.  The  new  manuscripts 
acquired  are  those  hitherto  mentioned  in  this  report  as  having  been 
prepared  by  members  of  the  staff  or  by  collaborators  and  designed 
for  eventual  publication.  N^egotiations  have  been  entered  into  with 
the  heirs  of  the  late  Seiior  Andomaro  Molina,  of  Merida,  Yucatan, 
for  the  return  of  Henderson's  Maya  Dictionary,  a  manuscript  of  six 
volumes  lent  to  SeRor  Molina  a  number  of  years  ago  for  use  in  con- 
nection with  certain  linguistic  studies  then  contemplated  in  behalf 
of  the  bureau. 

BECOMMBSNDATIONS. 

I  desire  to  repeat  the  recommendations  submitted  in  my  last  annual 
report,  respecting  the  extension  of  the  researches  of  the  bureau  and 
for  other  purposes,  and  urging  the  appropriation  of  the  necessary 
funds  for  conducting  them!    These  include  the  following  projects; 

The  exploration  and  preservation  of  antiquities  in  the  arid  region. 

The  extension  of  ethnologic  researches  in  Alaska  and  among  tlie 
tribes  of  the  Mississippi  Valley. 

The  preparation  of  a  completely  revised  edition  of  the  Handbook 
of  American  Indians. 

Additio>nal  editorial  assistance  in  preparing  the  publications  of 
the  bureau  for  the  press. 

A  small  sum  to  meet  the  expense  of  supplying  photographs  of  In- 
dian subjects  to  schools  and  colleges,  and  for  other  educational  pur- 
poses, and  for  systematically  making  photographs  in  the  field  to 
illustrate  the  daily  life  and  the  ceremonies  of  Uie  Indians. 

In  addition  it  is  recommended  that  the  systematic  excavation  and 
study  of  certain  archeological  sites  in  the  South  and  West  be  con- 
ducted in  order  that  archeological  research  may  go  hand  in  hand  with 
the  ethnological  studies  now  being  pursued  in  the  same  fields. 

The  reasons  for  extending  the  work  of  the  bureau  in  the  directions) 
indicated  are  set  forth  more  fully  in  the  estimates  of  appropriations 
for  the  year  1914,  in  connection  with  which  the  sums  regarded  as 
necessary  to  the  work  are  given. 

Respectfully  submitted. 

F.  W.  Hodge, 
Ethnologist  in  Charge. 

Dr.  Charles  D.  Walcott, 

Secretary  of  the  Smdth^bnian.  Institution. 
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REPORT  ON  THK  INTERNATIONAL  EXCHANGEa 

Sik:  I  have  the  honor  to  submit  the  following  report  on  the  opera- 
tions of  the  International  Exchange  Service  during  the  fiscal  year 
ending  June  80, 1&12: 

The  congressional  appropriation  for  the  support  of  the  serpice 
during  the  year,  including  the  allotment  for  printing  and  bindiog, 
was  $32,200  (the  same  amount  as  granted  for  the  past  four  years), 
and  the  repayments  for  services  rendered  were  $4,391.02,  making  the 
total  available  resources  for  carrying  on  Uie  system  of  international 
exchanges  $36,591.02. 

The  total  number  of  packages  handled  during  the  year  was 
315,492— an  increase  over  the  number  for  the  preceding  year  of 
29,794.  The  weight  of  these  packages  was  568,712  pounds— a  gain 
of  7,904  pounds.  The  increase  in  the  volume  of  business,  which  has 
been  continuous  since  the  establishment  of  the  service,  is  shown  in 
the  diagram  on  page  59. 

The  publications  dispatched  by  the  Exchange  Service  are  classified 
under  four  heads :  First,  the  Ckingressional  Record ;  second,  "  Parlia- 
mentary documents";  third,  "Departmental  documents";  fourth, 
"  Miscellaneous  scientific  and  literary  publications." 

The  term  "  Parliamentary  documents,"  as  here  used,  refers  to  pub- 
lications set  aside  by  law  for  exchange  with  foreign  GJovemments, 
and  includes  not  only  copies  of  documents  printed  by  order  of  either 
House  of  Congress,  but  copies  of  each  publication  issued  by  any 
department,  bureau,  commission,  or  officer  of  the  Government.  The 
object  in  sending  these  publications  abroad  is  to  procure  for  the  use 
of  the  Congress  of  the  United  States  a  complete  series  of  the  publi- 
cations of  other  Governments,  and  the  returns  are  deposited  in  the 
Congressional  Library. 

The  term  "  Departmental  documents "  embraces  all  the  publica- 
tions delivered  at  the  Institution  by  the  various  Government  depart- 
ments, bureaus,  or  commissions,  for  distribution  to  their  correspond- 
ents abroad  from  whom  they  desire  to  obtain  similar  publications  in 
exchange.  The  publications  received  in  return  are  deposited  in  the 
various  departmental  libraries. 

The  "  Miscellaneous  scientific  and  literary  publications "  are  re- 
ceived chiefly  fi-om  learned  societies,  universities,  colleges,  scientific 
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institutes,  and  museuins  in  the  United  States,  and  transmitted  to  sim- 
ilar institutions  in  all  parts  of  the  world. 
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For  purposes  of  comparison,  the  number  and  weight  of  packages 
of  different  classes  are  indicated  in  the  following  table : 


PMJkXM. 

W,dght. 

BMlt 

It«MlT«d. 

a«nt. 

R«MiW). 

m.Ta 

1M,I63 

i^,*. 

2,«M 

IT.JM 

n,m 

uo,Ma 

<I,U2 

E«,110 

ia,sse 

Totol 

2U,270  1    it>,m 

at,m 

us,Tia 

uuyi^ 
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The  disparity  indicated  by  the  foregoing  statistics  between  the 
number  of  packages  sent  and  those  received  in  behalf  of  the  Govern- 
ment is  accounted  for,  in  part,  by  the  fact  that  packages  sent  abroad 
contain,  as  a  rule,  only  one  publication,  while  those  received  in  re- 
turn often  comprise  many  volumes,  in  some  instances,  especially  in 
the  case  of  publications  received  in  return  for  parliamentary  docu- 
ments, the  term  "  package  "  being  applied  to  large  boxes  contaming 
100  or  more  separate  publications,  of  which  no  lists  are  made  in 
Washington,  as  the  boxes  are  forwarded  to  their  destinations  im- 
opened.  Furthermore,  many  returns  for  publications  sent  abroad 
reach  their  destinations  direct  by  mail  and  not  through  the  Exchange 
Service. 

Proper  allowance  being  made  for  these  circumstances,  it  is,  never- 
theless, apparently  true  that  the  publications  of  the  United  States 
Government  sent  to  foreign  countries  greatly  exceed  in  number  those 
received  by  the  Library  of  Congress  and  the  several  executive  de- 
partments, bureaus,  and  independent  offices.  This  in  turn  appears 
to  be  due  mainly  to  the  fact  that  most  foreign  Governments  publish 
less  extensively  on  scientific  and  other  subjects  than  our  own.  The 
fiscal  relations  brtween  the  Government  and  scientific  and  other  in- 
stitutions are  more  complex  in  many  countries  than  is  the  case  in  the 
United  States,  and  the  distinction  between  public  documents  and 
other  publications  is  not  so  clear,  especially  where  the  printing  for 
the  Government  is  not  centralized  in  one  office  or  is  not  done  by  the 
Government  itself. 

WhUe  several  of  the  departments  and  bureaus  of  our  own  Giovem- 
ment  have  expressed  themselves  satisfied  with  the  returns  received 
through  the  Exchange  Service,  it  is  proposed  to  make  a  further  in- 
vestigation of  this  subject  for  the  purpose  of  ascertaining  whether 
some  important  publications  and  series  of  publications  have  not  been 
overlooked,  and  also  what  proportion  the  number  of  the  publications 
issued  by  certain  European  Governments  in  a  given  year  bears  to 
the  number  received  by  the  departments  and  bureaus  of  the  United 
States  Government,  and  to  the  number  sent  to  the  former.  It  will 
be  obvious  that  a  debit  and  credit  account  is  out  of  the  question  in  a 
case  of  this  kind.  While  a  scientific  or  literary  institution  issues 
publications  for  the  benefit  of  the  whole  world,  a  Government  issues 
reports  and  other  documents  mainly  for  purposes  of  record  and  for 
the  information  of  its  own  officers  and  its  own  citizens.  The  more 
largely  the  people  are  directly  concerned  in  the  Government,  and  the 
more  extended  its  interests  and  activities,  the  greater  will  be  the  out- 
put of  reports  and  other  publications.  Such  a  Government  will  have 
much  more  to  offer  than  it  can  expect  to  receive  in  return  from  a 
smaller  country. 

As  regards  the  exchange  of  miscellaneous  scientific  and  literary 
publications,  it  will  be  noted  that  the  weight  in  pounds  of  those 
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received  into  the  Unit«d  States  throu^  the  Exchange  Service  during 
the  fiscal  year  1911  more  than  doubled  the  weight  of  those  sent  abroad, 
while  the  weight  of  those  received  during  the  fiscal  year  1912,  cov- 
ered by  this  report,  almost  equalled  that  of  those  sent  abroad.  There 
IS  every  reason,  therefore,  to  believe  that  this  important  branch  of 
the  work  yields  adequate  returns. 

By  referring  to  tlie  foregoing  table  it  will  be  noted  that  70  per 
cent  of  the  work  of  the  office  has  been  conducted  in  behalf  of  United 
States  governmental  establishments. 

Of  the  2,395  boxes  used  in  forwarding  exchanges  to  foreign  bu- 
reaus and  agencies  for  distribution  (an  increase  of  15  boxes  over 
1911),  328  boxes  contained  full  sets  of  United  States  (^cial  docu- 
ments for  authorized  depositories  and  2,0(i7  were  filled  with  depart- 
mental and  other  publications  for  d^toeitories  of  partial  sets  and 
for  miscellaneous  correspondents.  The  number  of  boxes  sent  to  each 
foreign  country  and  the  dates  of  transmission  are  ^own  in  the  fol- 
lowing table:  ■ 

ConaiffmnenU  of  etvhangea  to  foreign  countrie*. 


C«ntry. 

Number 
ol  boxes. 

36 

83 

S 
02 

13 
31 

2 
3 

22 
23 

17 

6 

31 

7 

July  IS,  Aug.  W,  Sept.  20,  Oct.  18,  Nov.  23,  Dec.  27, 1911;  Jm.  20,  Feb. 

20,  Bfar.  32,  Apr.  33,  May  33,  Juna  22, 19U. 
July  12,  Aug.  3,  Sept.  7,  Oct.  0,  Nbv.  14,  Deo.  a,  1911;  Jan.  10,  Fab.  7, 

Mar.  «,  Apr.  3,  Hay  8,  June  8, 1912. 

July  8,29,  Aug.  12, 29,  Sept.  33,  Oct.  U,  Nov.  4,25,  Dec.  16,  mi;  Ian. 
6, 27,  Feb,  IT,  War.  16, 30,  Apr.  37,  May  18,  June  8, 1913. 

Aug.  39,  Sept.  38,  Nov.  13, 1911;  Jan.  30,  Feb.  24,  Uar.  22,  Ua;  21, 

June  33,1913. 
July  IS,  Aug.  16,  Sept.  W,  Oct.  18,  Nov.  36,  Dec.  27,  1911;  Jan.  20, 

Feb.  20,  Mar.  22,  Apr.  22,  May  23,  June  22, 1913. 
July  3,  Aug.  13,  31,  Sept.  2,  Oct.  JO,  Nov.  4,  IBU;  Jan.  6,  20, 27,  Apr. 

37,  Juna  8, 1913. 
Jan.  SO,  June  38, 1913. 
Jan.  BO,  1913. 

July  28,  Sept.  20,  Nov.  7,W1L 

Aug.  10,  Nov.  10.  Mil;  Jan.  10,  Apr.  1, 2S,  lOM  1, 19UL 
Aug.  S,  Nov,  7, 1911;  Jan.  35,  Apr.  15,  May  31,  June  27, 1912. 
July  15,  Aug.  16,  Sept.  30,  Oct  IS,  Nov.  23,  Dec  37, 1911;  Jan.  30,  Fab. 

30,  Mar.  32,  Apr.  33,  May  34,  June  32, 1*12. 
July  21,  Aug.  28,  Bept,  29.  Nov,  4.  Dec.  20, 1911;  Jan.  31.  Feb.  28,  Mar. 

27,  Apr.  30,  May  31,  Juna  27, 1912. 
Aug.  21,  Sept,  38,  Nov,  33, 1911;  Jan.  20,  Fab,  20.  Apr.  22,  May  33, 1912. 
July  27,  Aug.  21,  Sept.  28,  Oct.  37,  Nov.  23, 19U;  Jan.  20,  Feb.  24,  Apr. 

22,  May  23,  June  22, 1912. 
Aug.  10,  Nov.  10, 1911;  Jan.  10,  Apr.  1, 35,  Juna  1, 1912. 
July  19,  Aug.  34,  Sept.  37,  Oct.  19,  Nov.  10,  Dag.  19, 1911;  Jan.  20,  Feb. 

20,  Mar.  IS,  Apr.  15,  May  30,  June  30, 1012. 
Aug.  20,  Sept  28,  Nov.  13,  1911;  Jan.  30,  Fab.  24,  Apt.  30,  lOM  21, 

Britim  Coleuias 

BrHlih  Gnlam. 

Bitttab  Hondiim 

r\.nf!<. 

OiUe 

CnU 
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Ooontry, 

Numbar 

207 
110 

433 

39 
38 

96 

Bl 

SO 

33 
2S 

28 

3 
IB 

« 

9,  Apr.  B,  Uay  4.  Juna  8, 1912. 
July  8, 28,  Aug.  10, 2i,  Sept.  IS,  28,  Oot.  13,  Not.  1, 23,  Dec.  S,  31, 1911; 

Jan,  4. ».  Feb.  8, 39.  Uar.  14,  M,  Apr.  4, 35,  May  9,  June  8, 27, 1913. 
July  0, 11,  IS,  2B.  Aug.  1, 8,  15,  22,  29,  Sapl.  2, 12, 18, 28,  Oot.  8, 10,  17, 

31,  Not.  7, 14,  21, 28,  Dec.  S,  12, 19, 1911;  Jan.  3, 9, 10,  23,  30,  Fab.  8, 

13, 20, 27,  Uar.  S.  12. 19, 28,  Apr,  2, 9,  IS,  23, 30,  Usy  7,  IS,  21, 28.  June 

ill,:s,25,1812. 
July  3, 8, 1£,  22, 28,  Aug,  S,  12, 18, 28,  Sept .  2, 11, 18, 33.  JO,  Oot.  7, 14, 23, 

30,  Not.  4, 11,  IS,  2B,  Dae,  2, 9,10,27, 1911;  Jan.  fl,  13, 20, 27,  Feb,  3, 10, 

17,34,  Mar.  2, 9, 10,13. 30,  Apr.  8. 13,  M,  37.  Uay  4, 11. 18,  IB,  June  1, 8; 

15,22,29,1911. 

Onat  Britain  and  In- 
liDd. 

27,  Apr.  2S,  Uay  2B,  June  27, 1812. 
July  17,  Aug.  29,  Sapl.  18,  Nor.  13, 1811;  Jan.  30,  Feb,  24,  Apr.  30,  Juna 

22,1913. 
Aug,  10,  Nov.  10, 19II;  Jan.  10,  Apr,  1,20,  June  1,1913. 

July  12,  Aug.  3,  Sept.  7,  Oct.  0,  Nov.  14,  Dec.  0, 1911;  Jan.  10,  Fab.  7, 

Uar,  B,  Apr,  3.  Uay  8,  Juna  B,  1912. 
July  3, 29,  Aug.  8, 13.  Bepl.  2, 18, 23,  Oct .  14, 23, 30,  Not.  4, 18, 35,  IMU 

Jul  8, 20, 30,  Fab.  17. 24,  Uar.  9,  IB,  23,  30,  Apr.  13,  37,  Uay  4,  18, 

June8,l£,22A812. 
July  24,  Aug.  S,  Sept.  2,  IB,  Oot.  IS,  Not,  U,  28, 1911;  Jul  13.  Feb.  8, 

UW.  9,  Apt,  6,  Uay  4,  IS,  June  8,2»,  1918, 
July  17,  Aug.  31,  Sept.  29.  Not.  39, 1911;  Jw.  30,  Feb.  20,  Apr.  30,  Jane 

37,1912, 
July  21,  Aug.  2S,  Sept,  27,  Oct,  20,  Nov,  30,  Deo.  18, 1911;  Jan.  33,  Feb. 

21,  HBi.!0,Apr.20,Uay 20,  June 20,1913. 
Sept.  29, 1911;  Feb.  16,  Uar.  17,  June  27, 1912. 
July  17,  Sept.  29,  Nov,  13, 1911;  Feb.  18,  June  27, 1913. 
Nov.13, 1911;.  June  23, 1912. 

Aug.  10.  Not.  10, 1911;  Jan.  10,  Apr,  1, 20,  June  1, 1813. 
Aug.  10,  Not.  10, 1911;  Jul  10,  Apr.  1, 2B,  June  1, 1911. 

Sept.  2, 1911;  Feb,  24, 1912, 

Jul)- 11, 28,  Aug,  29,  Sept.  19,  Oct.  17,  Nov.  14,38,  Deo.  12,  mi;  Ian.  9. 

30,  Fab.  27,  Mar.  12, 28,  Apr.  8, 23,  Uay  7,  June  4,  IS,  1912. 
Jan.ia,Apr.  ll.lfia 

Feb.  15,  Uar.  10,  Apr.  10,  Uay  10,  Juna  10,  1913. 
July  10,  Aug.  31,  Sept.  11,  Oct.  28,  Nov.  35,  Dec.  11.  mi;  Jan.  34,  Feb. 

U,  Mar.  20,  Apr.  20,  May  10,  June  10, 1912. 
Aug.  19,  Bapt.  28,  IBII;  Jan.  30,  Feb,  24,  June  22, 1912. 
July  19,  Ang.  24,  Sept,  27,  Ocl.  19,  Nov.  10,  Dao.  19,  1911;  Jan.  30, 

Feb.  10,  Uar.  IS,  Apr,  IB,  Uay  10,  June  30, 1912. 
Aug.  10,  Not.  10. 1911;  Jan.  10,  Apr.  1,  IS,  June  1, 1913. 
Nov.  13, 1911;  Feb.  34,  June  31, 1913 
Aug,  31,  Not.  19, 1811;  June  17, 1913. 
July  IB,  Aug,  10,  Sept.  30,  Oct.  18.  Nov.  23,  Deo,  27, 1811;  Jan.  20,  Feb. 

30,  Uar.  39,  Apr.  21,  Uay  33,  June  32, 1912. 
July  19,  Aug.  34,  Sept.  27,  Oct.  19.  Not.  10,  Dee.  19, 1911;  Jan.  10,  Feb. 

30,  Mar.  IS,  Apr.  IS,  May  30,  June  30, 1913. 
Aug.  10,  Nov.  10,  mi:  Jan.  10,  Apr.  1, 28,  June  1,  ma. 

QuabBC 
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SouttaAuHnilia... 


Jul;  20,  Aug.  U,  Sqx.  21,  Out.  3«,  Nov.  IS,  D«s.  11,  Ull;  Jan.  38,  Feb. 

U,  Uar.  20,  Apr.  20,  Ua;  20.  Jmw  30, 1313. 
July 2S,  Sapt.  3»,  Nov.  7, 18II;  Apr.  10,  Ua;  31,  June  27, 1S12. 
July  U,  Adi.  4,  Sept.  7,  Od.  e,  Nov.  II,  D«c.  T,  »11;  IfD.  11,  T«b.  8, 

liar.  7,  Apt.  4,  Uaj  3, 23, 1312. 
Aug. »,  S«pt .  18,  Not.  23, 1311;  Jan.  3D,  Feb.  34,  Apr.  10,  Tune  22, 1312. 
Sept.  3S,  13IL 

Aug.  20,  Not.  7,  IBU;  Jan.  24,  Ibr  1,  June  27, 1312. 
Jiil]r28, Oct.  10,NaT.4,Dea.33, 1311;  Iui.31,Feb. !«,]£». 3S,Api. ID, 

lfay3],JuiM23, 1312. 
July  20,  Aug.  22,  Sept.  21,  Oct.  2g,  Nov.  25,  Dec.  21, 1311;  Jan.  24,  Feb. 

U,  Uu.  20,  Apr.  20,  Umj  20,  Jun  20, 1812. 
July  22,  Aug.  2S,  Sept.  26,  Oct.  2«,  Nov.  21, 1311;  Ian.  13,  Fab.  3,  Ibr. 

3,  Apr.  e,  Uay  4,  June  8, 23, 1313: 
July  13,  Aug.  4,  Sept.  7,  Oct.  3,  Nov.  11,  Dec.  7, 1311;  Jan.  II,  Feb.  8, 

liar.  7,  Apr.  4,  Hay  B,  June  0, 1313. 
July  B,  23,  Aug.  10,  29,  Bept.  23,  Oct.  14,  Nov.  4,  25,  Dec.  10, 1911; 

Jan.  fl,  37,  Feb.  la,  Uar.  la,  so,  Apr.  27,  Uay  IS,  June  8, 1012. 
Not.  2, 1311;  Feb.  i,  1312. 
OM.  SO,  Nov.  4,  1311;  Jan.  B,  Apr.  37, 1313. 
July  27,  Aug.  23, 8^.  28,  Mv.  7,  I31I;  Ian.  25,  Feb.  14,  Uar.  17,  Apr. 

20,  Uay  22,  June  22, 1312. 
Aug.  31, 1911;  Ian.  SO,  Uar.  27,  lune  27, 1012. 

Aug.  30,  Nov.  2, 1911;  Jan.  31,  Feb.  28,  Uar.  38,  Aja.  30,  Uay  11, 1312. 
luly  15,  Aug.  21,  Sept.  20,  Oct.  27,  Nov.  23,  Dec  27, 1311;  Ian.  20,  Feb. 

20,  Uar.  22,  Apr.  22,  Uay  23,  Iiine  22, 1312. 
Aag.  21,  Bept.  28,  Nov.  23, 1311;  Jan.  20,  Feb.  20,  Apr.  33,  llay  X,  lam 

13,1313. 
July  20,  Aug.  31,  Bept.  21,  Oct.  18,  Nov.  16,  Dec  21, 1311;  Jan.  24,  Fab. 

17,  Uar.  20,  A^ii.  20,  Uay  X,  lune  30, 1312. 
July  23,  20,  Aug.  S,  IE,  Sapt.  2,  33,  Oct.  7, 23, 30,  Deo.  18, 1911;  Jan.  8, 

27,  Mar.  IS,  Apr.  17,  Uay  IB,  1912. 


For  some  years  the  Institution  has  been  sending  full  seta  of  gov- 
ernmental documents  to  Cape  Colony  and  the  Transvaal  and  partial 
sets  to  Natal  and  the  Orange  Siver  Colony.  In  May,  1912,  a  com^- 
munication  was  received  from  the  Secretary  for  the  Interior  of  the 
Union  of  South  Africa  stating  that  since  these  (jovemments  have 
now  become  Provinces  of  the  Union,  only  one  set  of  the  publications 
would  in  future  be  required.  In  accordance  with  this  request,  the 
forwarding  of  official  documents  to  the  above-mentioned  Provinces 
was  discontinued,  and  one  full  series,  beginning  with  box  133,  is 
now  transmitted  to  the  Union  of  South  Africa,  addressed  to  the 
Secretary  for  the  Interior,  care  of  the  Government  Printer,  Pretoria. 

Packages  containing  scientific  and  literary  publications  received 
from  individuals  and  establishments  in  the  United'  States  for  trans- 
missioQ  through  the  Exchange  Service  to  miscellaneous  addresses 
in  tbe  various  Provinces  of  the  Union  of  South  Africa  are  now  for- 
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warded  to  certain  govemmeDtal  establishments  in  those  ProTinces 
for  distribution.  The  department  of  the  interior  of  that  country 
has  been  asked  to  undertake  the  distribution  and  also  to  forward 
to  the  United  States  such  books  as  may  be  sent  in  return — the  de- 
partment acting  in  the  same  capacity  for  the  Union  of  South  Africa, 
as  this  Exchange  Service  does  for  the  United  States. 

Through  the  wrecking  of  the  steamship  Papanui,  the  Institution 
lost  cases  117  and  158,  containing  exclianges  for  distribution  in  West- 
em  Australia  by  the  Public  Library  at  Perth.  A  number  of  pack- 
ages sent  in  care  of  the  director  general  of  stores,  India  OiBce,  Lon- 
don, were  also  lost  at  sea  during  the  year,  owing  to  the  stranding 
of  the  steamer  by  which  they  were  being  transmitted  to  India.  It  is 
gratifying  to  state  that  the  Institution  has  succeeded  in  procuring 
from  the  senders  copies  of  most  of  the  lost  publications,  which  have 
been  duly  transmitted  to  their  various  destinations. 


The  number  of  sets  of  United  States  official  publications  regularly 
forwarded  to  foreign  countries  in  accordance  with  treaty  stipulations 
and  under  the  authority  of  tlie  congressional  resolutions  of  March  2, 
1867,  and  March  2,  1901,  has  been  reduced  from  89  to  86 — Mie  set 
instead  of  four  now  being  forwarded  to  the  Union  of  South  Africa, 
to  which  reference  is  made  above.  This  reduction  in  the  number  of 
sets  transmitted  abroad  will  be  only  temporary,  as  negotiations  are 
now  under  way  looking  to  the  esfablisliment  of  new  exchanges. 

The  recipients  of  the  54  full  and  32  partial  sets  are  as  follows : 

OBTosiTOBiEa  OF  rvLL  oEia. 

Arg^tlna :  Mlnlsterlo  de  Kelaciooea  Bxterlorea,  Buenos  Alre& 

Ai^E«Qtlna :  Biblioteca  de  la  Unlversldad  Naclonal  de  I^  Plata. 

Australia :  Library  of  t&e  CotDnioawealth  Parliament,  Klelbonme, 

Austria :  E.  K.  StatlstiBcbe  Central-CommlBslon,  Vienna. 

Baden :  UnlveisltiltB-BiblloUiek.  Freiburg. 

Bavaria  :  Ktelgilcbe  Hof-  nnd  Staato-Blbliotbelc,  Munich. 

Belgluin :  Blbliotli^ue  Rojale,  Brussels. 

Brazil :  Blbllotliecu  Naclonal,  Itio  de  Janeiro. 

Canada :  ParllBuientiiry  Library,  Ottawa. 

Cbile :  BlUlioteca  del  Congreao  Naclonal,  SantlaBO. 

China :  America n-Cblnese  Publication  Exchange  Department,  Bbangbal  Bureau 

of  Foreign  Affalra,  Sbanebal. 
Colombia:  Biblioteca  Naclonal,  Bogota. 
Costa  Blcn:  Ofldna  de  Depfislto  y  Canje  Intcmaclonul  de  Publ  lead  ones,  Sau 

Jose. 
Cuba:  Secretarla    de   Bstado    (Asuntos    Generales    y    Cnnjo    Interusclunal ) , 

Habana. 
Denmark :  Kongellge  BIbllotfaeket,  CopenbaKen. 
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RnKlaDd :  British  Mnsenm.  London. 

Kngland :  Ejondon  School  of  Economics  and  Political  Science.  Iiondon. 

E^nce:  Blblloth^ne  Natlmale,  Paris. 

France :  Pr^fectnre  de  la  Seine,  Paris. 

Ciermany :  Deutsche  Relclistugs-Blbllotheb,  Berlin. 

Greece:  BlbllothSque  Nationale,  Athens. 

Maltl :  Secretalrerle  d'fitat  des  Relations  BitGrleures,  Port  an  Prince. 

Bangaiy:  Hnngarian  Hoase  of  Delegates,  Budapest. 

India:  Depnrtment  of  Education  <Books),  GovemroeDt  of  India.  Catcuttn. 

Ireland:  National  Library  of  Ireland,  Dublin. 

Itat^:  BIblloteca  Nazlonale  Vittorlo  Emonnele,  Rome. 

Japan :  Imperial  Library  of  Japan,  Tokyo. 

Manitoba:  Provlncini  Library,  Wtnnlpeg. 

Uexico :  Instltuto  BIbllogrftfico,  Btblloteca  Naclonal,  Mexico. 

Netherlands :  Library  of  the  States  General,  The  Hogne. 

New  Soiitb  Wales :  Board  for  International  Exchanges,  Sydney. 

New  Zealand :  General  Assembly  Library,  Wellington. 

Norway:  Storthlngets  BIbllothek,  Chrlstlanln. 

Ontario:  Legislative  Ijlbrary,  Toronto. 

Peru :  BIblloteca  Naclonal,  Lima. 

Portugal :  Blbllotbecn  Naclonal,  Lisbon. 

Prussia :  K5nlgllche  BIbllothek.  Berlin. 

Quebec:  LeglBlative  Library.  Quebec. 

Queoialand:  Parliamentary  Library,  Brlsbnoe. 

Russia:  Imperial  Public  Library,  St  Petersburg. 

Saxony:  Kjinlgllcbe  Oeftentliche  BIbltotbck,  Dresdea 

Servia ;  Section  Administrative  du  MlnlstCre  des  AtFalres  Etrangferes,  Belgrade. 

South  Australia:  Parliamentary  Library,  Adelaide. 

Spain :  Servtcio  del  Cambio  Intemaclonal  de  Publlcaclones,  Cuerpo  Facultatlvo 

de  Archlveros,  Bibllotecarlos  y  ArqueOlogos,  Madrid. 
Sweden:  Kungllga  Biblloteket,  Stockholm. 
Switzerland :  BibliolheQue  FOderale,  Berne. 
Tasmania  :  Parliamentary  Library,  Hobart- 
Tnrkey:  Department  of  Pnblic  Instruction,  Conatantinoplo. 
Union  of  South  Africa  :  Department  of  the  Interior,  Pretoria,  Transvaal. 
UraKnay:  OBdna  de  Canje  Intemaclonal  de  Publlcaclones,  Montevldea 
Venezneta:  BIblloteca  Naclonal,  Carficas, 
Victoria :  Public  Library,  SIclboume. 

Western  Anstralia :  Public  Library  of  Western  Australia,  Peilh. 
Wttrttemberg:  ESnIgllche  Landesblbllotbek,  Stuttgart 

DEPosrroBiEs  of  partial  bets. 

Alberta:  Legislative  Library,  Edmoulon. 

Alaace-Lomlne :  K.  Mtnlsterlnm  fllr  Elsass-Lothringen,  Strassbnrg. 

BoHtIb  :  Mintsterio  de  CoIonlzacIAn  y  Agrlcnltura,  La  Pnz. 

Bremen :  Sena tekom mission  ftlr  Reichs-  und  AuswJlrtlge  Angelegeuheiten. 

British  Columbia  :  Tjeglslatlre  Library,  Victoria. 

Bulgaria;  Minister  of  Foreign  Affairs.  Sofia. 

Ceylon :  United  States  Consul.  Colombo. 

Ecuador :  BIblloteca  Naclonal,  Quito. 

Egypt:  Blbllotb^que  Khfdivlale,  Cairo. 

Guatemala  :  Secretary  of  the  Government.  Guatemala. 
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nambiirK:  SenaUkomtniBslon  ftir  die  Helcbs-  nnd  Auswitrtigen  Angelegfnli^teD. 
Hesee:  Gnwslienoglictie  Hof-Blbltothek,  Darmatadt 
HoDdaras :  Secretair  of  the  Oovemment,  TegDclgalpB. 
Jamaica:  Colonial  Secretaiy,  KIngaton. 
Liberia ;  Depsrtmmt  of  State,  Monrovia. 
Lonrenco  MarqncE:  Government  Llbrarr,  liOnrenco  Marques. 
Malta :  Lieutenant  Oorernor,  Voletta. 
MoDtenegTo:  Miniature  dee  Affaires  £trang6rea.  Getlnje, 
New  Bmnswlck :  Leglalatlve  Library,  Frederlcton.  . 
Newfoundland ;  Colonial  Secretary,  St.  John'a. 
Nlcaragna:  Snperintendeute  de  Arcbivoa  Naclonalea,  Managna. 
Nortbwest  Territories:  Gorernment  Library,  Reglna. 
Nova  Scotia  :  Provincial  Secretary  of  Nova  Scotia,  Hatlflix. 
Panama  ;  Secretarla  de  Relaclonee  Rxterlores,  Panama. 
Paraguay :  Oflclna  General  de  Inmlgradon,  Asuncion. 
Prince  Edward  Island :  I^eglalatlve  Libralr,  Charlottetown. 
Ronmnnla:  Academla  Romana,  BucareRt 
Salvador ;  Mlnleterlo  de  Relaclonea  Ezterlorea,  San  Salvador. 
Slam:  Department  of  Foreign  Affaire,  Bangkok. 
Straits  Settlements:  Colonial  Secretary,  Singapore. 

United  Provinces  of  Agra  and  Ondh:  Under  Secretary  to  Government,  Alla- 
habad. 
Vienna :  BHrgermelater  der  Haupt-  nnd  Itesldenz-Stndt 

No  countries  were  added  during  the  year  to  the  list  of  those  witli 
which  the  immediate  exchange  of  official  parliamentary  journals  is 
carried  on.  While  the  number  of  countries  at  present  taking  part 
in  this  exchange  with  the  United  States  is  29,  the  total  number  of 
copies  of  the  Congressional  Record  transmitted  is  31 — 2  copies  being 
sent  to  some  of  the  countries,  1  to  the  upper  and  1  to  the  lower  House 
of  Parliament. 

The  Records  are  received  from  the  Government  Printing  Office  on 
the  morning  following  the  date  of  their  issue.  Tliey  are  at  once 
placed  in  envelopes  and  forwarded  to  their  destinations  by  maiL 

A  complete  list  of  countries  to  which  the  Congressional  Record  is 
now  sent  is  given  below : 


Argentine  Republic. 

Great  Britain. 

Australia. 

Greecft 

Russia. 

Austria. 

Onatemala. 

Servla. 

Baden. 

Honduras. 

Spain. 

Belgium. 

Hungary. 

Switzerland. 

Brasil. 

Italy. 

Transvaal. 

Canada. 

New  South  Wales. 

Union  of  South  Africa. 

Cuba. 

New  Zealand. 

Uruguay. 

Den  mark. 

Portugal. 

Western  Australia. 

France; 

ProBsta. 
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UBT  or  ■UBUt'DI  OK  AOEirCIES   THBOTTOH    WBICH   KXCHANOEa   ABS   TBANSUFTTID. 

Tbe  following  Is  a  list  of  bureaoB  or  agencies  throagh  which  the  dlstrlbatton 
of  «xdiaDgea  la  effected.    Those  In  the  larger  and  many  In  the  amaller  couotrles 
forw&rd  to  the  SmlUisonian  Institatlon,  In  return,  contrlbntlona  for  dlstrlbotlon 
In  the  United  Statu: 
Algeria,  rla  France. 
Angola,  via  Portugal. 
Argentina:   Comlalftn  Protectora  de  Bibltotecaa  Pppalare^  neconqniata  638, 

Buenos  Aires. 
Anstria :  K.  K.  Btatlatlsche  Central-Commission,  Vl^ina. 
Asorea,  Tia  Fortngal. 
Belgium:  Swrice  Edge  des  Scbanges  Interna tlonanx.  Rue  da  Mnsee  D,  Bras- 

■dsi 
BoIMa :  OSclna  Nadonal  de  EsUdlatlca,  La  Paz 
Brazil :  SerrlQo  de  PermatacOes  IntemacloDaes,  Blbliotbeca  Nadonal,  Bio  de 

Janeiro. 
British  Golonlea:  Crown  Agents  for  the  Colonies,  l.ondon.* 
British  Gnlaoa:  Royal  Agrlcnltnral  and  Commercial  Society.  Oeorgetown. 
British  Hondnraa:  Colonial  Secretary,  Belize. 

Bulgaria :  Institutions  Sdentlflqnea  de  S.  M.  le  Rol  de  Bulgarle,  Sofia. 
Canary  Itiands,  via  Spnla 

Gape  Colony :  GovemiDent  Stationer  Department,  Cape  Town. 
CUle:  Servlcio  de  Canjes  Int^naclonales,  Biblloteca  Kaclonal,  Santiago. 
China:  Zl-ka-wel  Obserratory,  ShanghaL 
Colombia :  Oflclna  de  Canjes  Intemaclonales  y  Reparto,  Biblloteca  Nadonal, 

Costa  BIca :  Oflctaa  de  Dep68lto  y  Ganje  Intemadonal  de  Publlmctones,  San 

Jos& 
Denmark:  KoDgellge  Danske  Tldenakabemes  Selskab,  Copenhagen. 
Dutch  Oolana:  Snrinsomacbe  Kolontale  BIbllotheek,  Paramaribo.     • 
Ecnador:  Mlnlaterio  de  Beladones  Ezterlores,  Quito. 
Egypt:  Director-General,  Sarr^  Department,  Glia  (Mudtria). 
France:  Service  Francis  des  Ecbanges  Interna tlonnux,  110  Itue  de  Greuelle, 

Paris. 
Germany :  Amerlka-InsUtnt,  Berlin,  N.  W.  7, 
Great  Britain  and  Ireland:  Messrs.  William  Wealey  ft  Bon,  2S  EBsex  Street, 

Strand,  London. 
Greece:  BIbllothegne  Nationale,  Athens. 
Oreailand,  via  Denmark. 
Qoadelonpe,  via  France. 

Guatemala :  Inetltuto  Nadonal  de  Varoues,  Guatemala. 
Guinea,  via  Portugal. 

Halt! :  Secretaire  d'lEtat  des  Relations  Bst^rleures,  Fort  au  Prince. 
IIoDduras:  Biblloteca  Nactonal,  Tegudgalpa. 

Hungary:  Dr.  Jullua  PIMer,  Munldpal  Office  of  Statistics,  City  Hall.  Budapest 
Icdand,  via  Domiark. 

India  :  India  Store  Department,  India  OfBce,  Loudon. 
Italy:  TlfBdo  degll  ScambI  Intemaaionall,  Biblloteca  TCazlonale  Vittorio  Eman- 

uele,  Rome. 

Ii  eolonles  witb 
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Jamaica :  Institute  of  Jamaica,  Ringstm. 

Japan:  Imperial  Library  of  Japan,  Tokyo. 

Java,  via  Netberlaods. 

Korea :  His  Imperial  Japanese  Majeaty's  Residencjr-GenerHl,  Seoul. 

Liberia :  Department  of  State,  Uonrovla.  , 

Lourengo  Marqaez :  Government  Library,  Lonrenco  Morqaes. 

Luxemburg,  via  Germanj. 

Uadagascar,  via  France. 

Madeira,  via  PortngaL 

Monten^ro:  Mlnlstdre  dee  AfTalree  fitrangA'es,  CetinJ& 

MoEamblqne.  via  Portngal. 

Natal :  High  Commissioner  for  the  Union  of  South  Africa.  London. 

NeUterlands:  Bureau  ScteotiBque  Central  Nferlaodala,  BlbUutb^rine  de  I'tinl- 
verslt^,  Leyden. 

New  Guinea,  via  Netberlsnds. 

New  SoDtb  Wales:  Board  for  iDteroatloDal  Exctianges.  Public  Library,  Sydney. 

New  Zealand :  Dominion  Museum,  Wellington. 

Nlcarasua :  MInlsterio  de  Relaclones  Bxteriorea.  Hasagna. 

Norway:  Kongellge  Norake  Fredvibs  Universltet  Bibilotbehet.  CtirlsUanla. 

Panama :  Secretaria  de  Belaclonea  Ezterlorea,  Panama. 

Paraguay:  MInlsterio  de  Kelaclmes  Exterlores,  Aaunclon. 

Persia :  Board  of  Foreign  Missions  of  tbe  Presbyterian  Cbm^,  New  York  Cltf. 

Peru:  Odclna  de  Separto,  DepOslto  y  Canje  Intemacional  de  Publicadones, 
MInlsterio  de  Fomento,  Lima. 

Portugal ;  Servlco  de  PennvtacOes  Intemacloaaee,  BIbllottaeca  Naclonal,  Urtran. 

Queensland :  Cblef  Secretary's  Office,  Brisbane. 

Russia :  Commission  Rnsse  des  Echanges  Intemationanx.  Blbllotb^ue  Im- 
perlale  Publlqne,  St  Petersburg. 

Salvador:  MInlsterio  de  Belaclones  Exterlores,  San  Salvador. 

Servla :  Section  Administrative  da  Minlst&re  dea  ABtatres  Etrangeres,  Belgrada 

Siam:  Department  of  Foreign  Affaire,  Bangkok. 

South  Australia :  Public  Library  of  South  Australia,  Adelaide. 

Spain:  Servlclo  del  Camblo  Intranaclonal  de  Publicadones,  Caerpo  Faealtalivo 
de  Arcbiveros,  Blbllotecarlos  y  Arqueftlogos,  Madrid. 

Sumatra,  via  Netherlands. 

Sweden :  Rongltga  Svenska  Vetenskaps  Akademl^i,  Stockholm. 

Switzerland :  Service  dea  Bcbanges  Internationa ux.  Blblioth^qno  FM^rale  Gen- 
trale,  Bern. 

Syria :  Board  of  Foreign  MIsbIoub  of  the  Presbyterian  Church,  New  York. 

Tasmania  :  Royal  Society  of  Tasmania,  Hobart 

Transvaal :  Govemmeut  Library,  Pretoria. 

Trinidad :  Victoria  Institute,  Port  of  Spain. 

Tunis,  via  Prance. 

Turkey:  American  Board  of  Commissioners  for  Fordgn  Missions,  Boston. 

Umgnay:  Oflcina  de  CanJe  Intemacional,  Montevideo. 

Venezuela :  Blblloteca  Naclonal,  Caracas. 

Victoria  :  Public  Library  of  Victoria,  MellKinme, 

Western  Australia :  Public  Library  of  Western  Austialla,  Perth. 

Windward  and  I.eeward  Islands:  Imperial  Department  of  Agriculture,  Bridge- 
town, Barbados. 
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TaUe  ihoipimff  t\e  nttmJter  of  tnalttuMotM  and  inOMOwilt  in  fortiBn  oouiHriet 
to  wMch  pw^kagei  were  innamitted  through  the  Intemattonat  SwchOHge 
Service  during  the  flrtt  tiv  moniha  of  the  fltwl  year  1912. 
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TaKe  ahowing  the  tiMmber  of  trutitutiona  and  inMvidvala  in  toretgn  eountriea 
to  which  packaoea  were  tranamMttei  throuo\  the  International  Exchange 
Service  dw-ltv  tho  ftrtl  six  montht  of  the  fltcal  ^ear  iBli — 0(»itliiiied. 
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Respectfully  submitted. 

F.  W.  True, 
Assistant  Secretary  in  charge 

of  Library  and  Exchanges. 
Dr.  Charles  D.  Walcott, 

Secretary  of  the  Smithsonian  Institution. 
October  7, 1912. 
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EEPORT  ON  THE  NATIONAL  ZOOLOGICAL  PARK. 

Sib  :  I  have  the  honor  to  submit  herewitii  a  report  of  the  opera- 
tions of  the  N&tioDal  Zoological  Park  for  the  fiscal  year  ending 
June  30,  1912. 

The  general  appropriation  made  by  Congress  for  the  improranent 
and  maintenance  of  the  park  during  that  year  was  $100,000.  The 
cost  of  maintenance  was  $86,132,  being  materially  increased  over 
that  of  the  previous  year  mainly  because  of  the  advance  in  prices 
of  forage  and  other  food  supplies,  the  expenditure  for  which 
amounted  to  $21,175.  A  few  small  increases  were  made  in  the  com- 
peosation  of  emplc^ees,  but  nothing  to  correspond  with  the  great 
increase  in  the  cost  of  living  which  has  occurred  during  recent  years. 

ACCESSIONS. 

Among  these  the  most  important  were  2  elephant  seals  and  4  north- 
em  fur  seals  frcmft  the  United  States  Bureau  of  Fisheries,  8  white 
pelicans  fr(xn  Lieut.  Cot.  L.  M.  Brett,  acting  superintendent  of  the 
Yellowstone  National  Park,  and  a  pair  of  American  tapirs,  which, 
with  certain  other  animals,  were  received  in  exchange,  as  noted  below. 
The  accessions  included  about  25  species  not  already  represented  in 
the  collection.  Mammals  and  birds  bom  and  hatched  numbered  108, 
and  included  American  tapir,  yak,  American  bison,  harnessed  ante- 
lope, Barasingha  deer,  llama,  mona  monkey,  hairy  armadillo,  wild 
turkey,  and  Florida  cormorant. 

EXCHANGES. 

The  most  important  accession  frnn  this  source  was  a  shipment  re- 
ceived in  November,  1911,  from  the  Municipal  Zoological  Garden  at 
BuenoB  Aires,  Argentine  Bepublic,  which  comprised  23  animals  and 
included  a  pair  each  of  Brazilian  tapirs,  Fatagonian  cavies,  and 
Chilean  eagles,  with  other  interesting  mammals  and  birds.  A  sambar 
deer  was  received  from  the  New  York  Zo<4ogical  Park,  and  a  con- 
siderable number  of  specimens  from  dealers. 
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ANNUAL  REPOBT  SMITHSONIAN  INSTITUTION,  1912. 

ANIMALS  IN  THE  COLLECTION  JUNE  80, 1912. 
MAUMALS. 


Orivet  monkey  (Oercopitheeut  ■nboui). 
Green    monkar     (OencapiChfeui    oatlt- 

trUilnu'l 

Hona  moDker  (C»roopltheoii>  mona)  — 

Dluifi  moiikef  (Cercopltheotu  dlana) 

Sooty  mangabey   (Oercooebto  tuUoina- 


*M)  . 


Bonnet  monkey  (Vncoctu  «<ntoiu) 

Hac&qne    monkey    (VoooOM    cynamot 
gut) 

PlS-talled  moDkey   (Uacaeut  nemeatri- 

Bbwai  monkey  illaoaout  rhcnu) 

Brown  macaque  (UaoactH  arctiMM)  — 

Japanese  monkey  lUaeacu*  fusoatua)- 

FormosBD  rock-macaque   (Uacacv*  ey 

eiopU) 


Brown  monkey  (Oebus  tatveltut) 

Marmoeet  (Bapalt  facchia) 

BnSed  lemur   (Ltmur  vartui) 

Rlag-Callpd  lemur   (Lemur  cattai 

Polar  bear  (Thataroloi  maHtlmiu)  — 
Buropetui  brown  bear  ([7r«u(  arctoi)  — 

Kadlak  bear  IVnut  mUOendorgi) 

Takdtat  bear  (Unut  doIH) 

Alaskan  brown  bear  (C7r(u*  (rmi] 

Hybrid  bear   (Prtw  o^rM-oroloi) 

Kldder-H  bear  {Vrm*  IMderl) 

Himalayan  bear  (Uraai  thtAetaiuM)  — 

arlnly  bear  {Uriut  IwrrtbUU) 

Black  bear   (Unas  otnertoanug) 

Cinnamon  bear  (CTniu  amtrimnui) 

motb  bear  (JfelnrMM  wntHiu) 

Kinkajou   Wtrroteple*  ctuutlvotvutut) . 

CacOTHlatle  {Battariiciu  aafuto) 

Gray  coatlmaadl   (Xaiua  narica) 

Baccoon    (procvan  lotor) 

American  badger  (Taatdea  omerfcano). 
Common  skank  lUephitit  tnepfiKfco). 
American  marten  (Uutlela  amtrieana)  ^ 

Fisher  (Uuttela  pennantU) 

Mink  (Piiforlu  cKoit) 

Common  ferret  (Paforin*  putoriui)  — 
Black-tooted    ferret    (PstoHiu    ntgrl- 


Nortb  American  o 


r  (Lutra  canaden- 


Bsklmo  dog  (Canls  famWaHs) 

I>Uigo  (Canto  ilngo) 

Gray  wolf  (Cdal*  oooMenlallt) 

Black  wolf  (Oantt  ocoMentaJlt) 

Coyote    (Canli   latmtu) 

Woodhonse's  coyote  (Oante  f^ulrer) 

Crab-eating  dog  (Oantt  caitcrivorKt) 

Red  foi  (FttlpM  pcnnipluoiilmi) 

Bwllt  foi  (Vtilpet  ««Io«) 

Arctic  fox  (Fulpei  tatmfM) 

Gray  fox  ([7ro«yo>t  otntrte-arpentni4) . 
Btilpea  lijMM  {Biiana  *tria(a) 


African  palm  civet  {Vtntrra  c<retfa)  — 

Common  genet  lOtnttIa  jtMClla) 

Sudan  ilon   (fdU  Ito) 

Kilimanjaro  lion    (J'ell*   lea  loboClai- 


Tiger  <F«H*  tferit) 
Cougar  {FelU 

Jagnar   (Felit 


Black  leopard   (Felli  ponlHi) 

Serral    (PeHi  terval) 

Ocelot  (fBH»  pantald) 

Canada  lynx  (Lync  aomuleiuii) 

Bay  lynx   (Iivu  rufia) 

Spotted  lynx  lLtf»a  ntlMi  twenti*) 

Florida  lynx  {Lyyui  m/iM  ;lorMa<tu«). 
Steller's  sea  Hon  (E«m«top<o«  steltaH). 
California  aea  lion  (ZnlopAu*  oaUJonU- 

O-H) 

Northern  for  seal  (CoUolariaalMooiM)- 

Harlmr  seal  (Pliooa  fitHHita) 

Fox  squirrel  (SofariM  Mgtr) 

Western    fox   equlrrel    (Sotemt    tudo- 

Gray  eqalrrel  {Bolmna  cotoUikihIs}  — 
Black  sqnlrtel  (Soluru*  coroUneiuI*) - 
Albino  squirrel  (8o<itnu  ootoHikihI*) - 

Panama  squirrel 

Prairie  dog  iCyamyt  liidoi><04a«M) 

Woodchuck    {Arctomvt    mDMU) 

Albino  woodchuck  (Arclomiri  monoa)- 

Blacll  woodchuck  (Arctomy*  monoa) 

Alpine  marmot  (AroloMm  mwmods). 
American  bearer   (Cosfar  oaiwleiui()_ 

Coypu    (.Uyooaator  (Wpptu) 

Hutla-conga    ICoprOMV*  pUortdM) 

Indian  porcupine  IHyttrta  leueura) 

Mexican     agouti      (i>a«vprDC(a     mec<- 

Aiara's  agouti   iD/uypronia  aaara) 

Created  agouti  (DfuifprocCa  crl«lalal, 
Halry-nuDped      agontl      (DotyprooM 

pryiniiolopha) 

Pacn   {,Caioge»y»  paoo) 3 

Ouinea  pig  (Oavta  onllert) IS 

Patagonlan     cbtj     (BoUchotit     psta- 

pontoa) 

Domestic  rabbit   (I-tpiu  cwileHliM) 

Cape  hyrai  (Prooauio  capen«t<) 

Indian  elephant  (Elephat  moMmat}  — 
Brailllan  tapir  (I'apfrua  ameHcaniM)- 

Orevy's  sebra  ISquui  grevi/i) 

Zebra-donkej    hybrid     (Eqtuit    urevir^ 

Grant's  lebra  (Eguui  burchelll  ffranlt)^ 

Collarod     peccary      (OloolylM     ancw- 

teiw) 

Wild  boar  (8ui  icntfa) 

Nortbeni  wart  boc  (PAoooolMni*  afri- 

Hippopotamus      (BlppopobuHiM      urn- 
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Anhnala  In  the  collection  June  SO,  1912 — Conttnned. 
MAUUAL&-Contlnae(I. 


LUms  {.Lama  plana) 

Alpaca   {Lama  jiacot) 

VlcQSna  (,Lana  Hnrfmo) 

Baetrimn  camel  (Camelua  baetriattut). 

HnDtjae   (0«milvi  niMl/oe) 

Sambai'  iteer  (Certtvi  artitoielU) 

PhUlpplna  ieei  (CartiM  phJIIppCntu ) — 

HoK  deer   (acrpw  paivlnut) 

BanatashB  deer  (Cerru  dKcaucsM)  — 

Alia  deer  {Cenmt  aitU) 

Japanese  deer  tOemui  tika) 

Bed  deer  (Cerciu  elapftM) 

Amerfam  elk  (Ceniu  canaitiuta} 

Fallow  deer  (DerDtia  Santa) 

BelQdeer  iRangifer  tamndui) 

Tlrgtnla  deer  ( OdDODlIeiit  virfflManif) - 

Mule  deer  ( OdoeoJieu*  hemiOHUt) 

Columbian   black-CaJled   deer    lOiocoi- 
columblanvt)  . 


Coke^  bartcbeeat  (BubaH*  colei) 

BiBLUbak  IDamaHtou*  piwarput) 

BIcMbok  iDamalUciu  alUfront) 

WUte-talled  gnu  (CannocAafei  pnu)-. 
DefMa4  water  bock  (Oobu*  de/oaia)-. 


Baropean  blackbird  (ifenla  nrn-ula).. 


Japanese  robin   {LiotJirla  J«Uu>) 

Wtilte-cbMked  bnlbul   [Pycnonotut  teu- 
cogaiyt)  . 


Indian  antelope  (AnUlojM  eervioapra).  3 

Nilgai   (BoMtloplm*  trapocamelii* ) 8 

Congo  hameBsed  antelope  ITragelaphu* 

gratiu) 2 

Eiast  Afrlean  eland  (Oreoi  ainiw  pat- 

l«mnilami() 1 

ChamolH  IRuplcapra  traatf) 2 

Tabr  (BmnflniDiM  jantatou*) 7 

Common  goat  (Oapra  ktrcut) 8 

Angora  goat   (Capra  hlrcui) B 

Barfanrr  abecp  ^Ovl^  trogeiap\ii*) 12 

Barbadoe    sheep     (OvU    ariei-tragala- 


phUM 


13 


BUck  bnlbnl   (Pvononatui  pvgaM)  — 

Laughing      tbnuli      (Qarrulita     Inra 

topHus) 

Blabop  flnch    iTanagra  cpIecDpuf) 

Oranse-ebecked  waxblll   lEilrelda  nel- 
podO) 

AoaduTade  llnch  (Ettretdaamandatai- 

CordoD-bleu   {Eitreida  phanicoUi) 

Uagple  flacb  (.Bpermtitf  frtnamoUei) - 
Cut-throat  flnch   (Amadlna  faMtiiala)^^ 

Zebrs  llncb    (imadtna  oatlanatii) 

Black-headed  flnch  (Vunto  atricapilla) - 
Three-eolored  Ooch  (Ifunia  malacca}-. 

White-headed  flnch  (Jfunfa  mala) 

Nntmeg  flnch    (tfunla  punctularia) 

Jbti  aparrow  (Ifiinbi  orvifiora) 

White  Jara  sparrow  IMunia  cryxtvora)  _ 
Cbestnnt  -  breasted     flnch      (Oonaoola 

oatUitteolhorar) 

PaisoQ  flnch   iPotpMta  iHncta) 

Lad;  Gonld'a  flnch  (PoephUa  pouldln). 

Bearded  flneli  tSpermajiAlIa  ip.) 

Kapoleou  weaver  IPi/romelaaa  o/m).. 
Uadagaacar  weaver   IFoudla  madaga*- 

Bed-btUed  wearer  IQutlea  flueleo) 

Whydab  ireaTei  (Vidua  poradliea) 

Painted  bunting  IPattertna  olrli) 


American  blaon   (filion  omerioanu*) 14 

Hair;  armadillo  {DaiypMi  iflfoeiM) 3 

Wallaroo  (Jfoaroptia  roJmitiu) 2 

Bennett's  wallaby  (l[iKiro|>u«  rnfleotH* 

bennetU)    1 

Virginia   opossnm    (Dldelpktri    mor**- 

Ii<aH«) 2 

CamnKn  wombat  (PAoteoJOMyi  miJoA- 


Bed-crested   cardinal    {Paroarta  evenU 
lata} 

Commoa    cardinal    (CardlnoIIt    cardl- 


MUt).. 


aiakln  (SpiniH  gplnsg). _ 

European  EOldflnchCCarduellaelegani)- 
Yellow  hammer  (SmbeHza  d(Hnella)- 

Common  cauarf  (SeHnui  oanarim) 

Linnet  (Wbo(o  oannoblna) 

Bullfinch   (Pyrrhula  europon) 

Hooded  oriole  {Icteras  cueullatua) 

Cowbird    (Mololhnt»  attr) 

Qloaay    starling     (Lamprotornit    cau- 

Buropean  raven  (Corviu  carav) 


tM) 

Common    ctow 


EraoAifrkyn- 


Oreen  Ja;  (Tontfiou^  Ivxvota) 

White-throated  ]b;  (OarrultM  teucottt). 

Blue  Jay  iCvanooitia  crUtata) 

American    magpie     (Pica    pica     hud- 

lonlca) 

Red-billed    magpie     lUrocUia     occlpl- 

taitt) - 

Piping  crow  (QpiimorhiHaHbteen) 

Yellow   tyrant    {PUangui  derMnniia) 

Qlont  kingfisher   IDacelo  glgat) 

Tel  low-breasted    toucan     (SompAaitas 


'Cot;)' 


QIC 
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BIRDS — CoQt  laotO. 


Bare-ey«l 
Roseate 

pillol 

QsDg-ggiig      cc 

galtatum}  — 
Xellow  and  bli 


Red  and  tbIIow  and  blue  niBcaw  (Ara 
maoao} 

Red   and    blue    macaw    fAra   cMorop- 


Kea   (.Votor  natabtHa) 


(Conn 


HI  levcoecphata)  - 
Onngt-wlagei  amaion  {Anaiona  ama- 

Porto  Rlcaa  amazaa  (AiKKOiia  titt- 
(0(a) 

Yrllow-Bbouldered  aaazoa  lAmaaHUi 
ochropirra)    

Tell ow -[ma ted  amazon  (Ama^ona  aclt- 
rocephala)    , ,^- 

Yellow-beaded  amaioD  ( Jmozona  tetall- 
Imli)   - -  — 

Blue-troDted     BmazOD      (Amniona     in- 

Leaser  tbsb  parrot  {CoracoptU  nlgra)- 
Banded  iiarrakeet  (PalaomU  faictata)- 
Rosella   parrakeet    (Platycercua   eflin- 

I»Te  bird  (Agaponii  putlnrfa) 

Oreen  parrakeet  (£orlcuIu«  *p,) 

Sbell  parrakeet  (Melopalltacui  undu- 
tatut)    - 

Great  horned  owl  (Bubo  ttriilnfaNtii) - 
Arctic  haraed  owl    (BuBo   tlroinlanut 


Screech  owl  lOtui  aiio) 

Barred  owl_<S*rto  carta) 

Sparrow  hawk   (Faico  sparitriuii 

Bald  eagles  (IlaUaetaa  leucorrphalua). 
Alaakan    bald    eaeie    {HaUactu*    Icaca- 

ctphatun  olmcanui) 

Golden  eagle  (Agulla  ehrpiartoi) 

Bhort-tatled    eagle    fTtralhoplui    ecau- 

datut) _ 

Harpy  eagle  (Thrasaffu*  horpirfa) 

Chilian  eagle   (OeronoaflH*  melanoleu- 

Crowned  hawk  eagle   (Spiiallui  cora- 


South    American    condor    iSarcorhati^- 
phut  on/phuB) 

CalltomU  condor  lOvmnogt/p*  ealifor- 


QrlSon  Tulture  iOyp*  tilem*} 

Cinereous  vulture  (FHltiw  numaehuti- 
Bgyptlan  Tultnn   iSeophron   ptrtmo^- 


Turkey  vulture  (CaMortea  oars) 

Black  vulture  iOatharitta  iimM) 

King  Tulture  {Qj/paotu  papa) 

Ring  dove  (Coln«ba  jxttonibu*) 

Snow  plgaon  (Colitmba  Uuconota) 

Red-billed    pigeon     (ColKwiba    ftav1n»- 

trUt   

MouTDlDg  dove  {Btnaidtrttnacrnmrat  — 

PcDcetuI  don  {OtoptHa  tranquilla) 

Cape  dove  {<Bna  capeixlf) 

Blood'breasted   plgron    (PAIojwko*   Ih- 


Purpllab     guan     (Peitcloiw     purpt/tnt- 

Created  curaasow   (Cm*  aleetor) 

Mexican  curaaaow  (Oros  cloMeem) 

Chapman's  curaaaow  (Orov  cAapmaiti)  . 

Daubenton'a   careaaow    fCraa   datibtn- 

tOBl)  


rearawl  (Pnvo  crt«(o(a) 

Jungle  fowl  (Qalliu  banUim) 

Reeves's  pheasant  [Phatianu* recvett) ^ 

Golden  pheasant   (Thaumatea  p(cta) 

Sliver  pbeaaant  (Buplacamitt  nuclhem- 


Buropcan  guall  ICotumia  canniiinfs)- 
ITungarlan  partridge  {Perdit  perdim) -~ 

Bobwhlte  (CoKniit  virgiitanut) 

Mountain  quail  {Oreorty*  pfc(a) 

Scaled  quail   (CalKpepta  agudmafa) 

California  quail  {Loplkorttrz  caHfornfco) 
UaBsena  quail  {Oyrionvx  fnontezunur)- 
Purple  galllnule  (Porphyrto  ciFnileo)  — 
Black-backed  galllnule  (Poiph^o  met- 

Martinique  galllnule  (lonomit  mar- 
American  coot  (FuKco  am ertcona > 

Fllgbtleaa  rail  {Ocvdromui  onatralU). 
Common  carlama  (Cariama  oriitata)  — 
Demoiselle  crane  (AntnropoUe*  rfrffo). 
Crowned  crane  iBalearica  pavonina)  — 

Sandhill  crane  (Orva  mcxlcana) 

Australian  crone  {Qrua  auatroloilana)- 

European  crane  (Orui  dnerea) 

Sarus  crane  {<3rvt  ondffOlie) 

Indian  white  crane  (On*  Uvcogtramtt) - 

Tbick-knee  ((Ediontmu*  grattoHM'i 

Rult  {UacJttttt  pugnta) 

BlBCk-crowned  ulgbt  heron  (Hvctieoraa 
nyotUonm  mrvlBi) l: 
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Saawj  f«rtl    (Bgretta  mmdUUiimai  — 
Ortit  wblte  heron  (Hersdliu  tgrttta)^ 

Gnat  blae  heron  {Anita  Jterodiat) 

Gmt     black-crowned     beron     (Ariea 

Boat-bill  (Ommcroma  oaeMBarla) 

BItterD   (Bolaurut  lentitHofiUt 

BlxA  itork  (Ofootita  mign) 

Wblte  itoA  ((NcoMia  ciooHla) 

Hirtbini  itork   (LejitofitUia  dMMM).:. 

Wood  Ibis  (Vycterta  amerieaitmi 

SaenS  Ibla    |/M«  OtMoptM) 

Wblte  Ibia  (Qiuira  alba) — - 

Ba«t«  apoonbUI    (Afala  ajafa) _ 

Bmopean      Samlnso      (-PlKaiteoptenit 


Cnatrd  Kcreamer    (CAomia  eriilata) 

Trumpeter  swan    fOlor  bueeinotor) 

WhlMlInK  awan    (Olor  ealuiaManiM ) __ 

How  nraa   (Vuanut  gabut) - 

Black  iwan    (Chenopti  Btnito) 

Vmco*)'  dock  iCalrtna  moacfinla) 

WUIe    miiscoTr    dude    (Cafrina    bum- 

Oata) „ 

Wmdertni       tree-duck       (Dendracyoiui 


endnKvena    M- 


hlToni    tree-duck 

£cTPtlU    80006     {Chtnatoptt  e^yptta- 


Bnnt  (BraHBa  bemicla  ulaueomMtni)- 

Cinada  goose  (Branta  oanadaNla) 

HnlchlD'a    koo*>    (Braoto    i 
tmteUMUt 


lUraU*) 

American   wUte-traated  (ooae    (^aaar 
aOifrwu  paiBbaH) 

Cblnese  gooaa  {Anitr  tv("«'<('et) 

Bed-beaded  duck   (Jfsrilo  anerfraaa)- 
Wood  du^  tilm  afNiMM} 


OMiato).. 


PintaU  (Oajlla  ooata) 

Bboveler  dock   (Spatula  olypedta) 

Black  duck  <  Jhu  nbWpu) 

Haltard   U»at  ^latyrAyaohM ) 


Amerltan  *htt*  p«Ucan  (PelacaHM 
trythrorlitpuifiaii 

Earopean  irblte  pelican  (PeloooiHit 
ooocrotalu) 

Boaeate  pal  lea 


Biack-backed  gull  (Lodm  marimui 

Herring  gull   (Larui  arffentatm) 

Aroerkaii  herring  gull  (Lanu  mrgenta- 


Laogblng  gnll   (Lam*  alrleilla) 

Florida  cormorant  (Pkalocroooroa  ohN- 

lu«  llorldaiHu) 

Hetlcan      cormorant      (Pholaerocora* 

Water  turkey  (Anhtnga  anMtHom) 

Somali     oatrich     (StmMlo     MolyMo- 


tt)., 


Common    cauomrr    (CotaarfM    ^le- 
■taa) 

Common  rbo*  (Bhta  a««rfciaiM> 

Emu    (Droiumu  MOtV  koUasdM) 


Alllgttor  (AtHgalor  ml»H*»tppieiiH*).. 

Painted  turtle  (Chrv«ein|M  pieta) 

ttamond-back   terrapin    (Uatacoclraiya 

Tbrae-ioed  boi-tortalae  (OUIudo  Irluit- 
ffiilt)  .  — 

fUBt«d  box-tortolae  (Oifhufo  omota). 

Copher  turtle  IXerobatctpolyplieniu*)- 

DuDcan  Islaod  tortoise  (Tatudo  eptitp- 

H»m) 

Albemarle     Island     tortoise     tTeitiido 

AlUgstor  lUard  (fi'celopoma  HHdafalat)  _ 
Horned  I liard  IPKrynctoaa  comulum) . 
Glta  monster  (Hctodema  $iupectum)- 
Olui  anake  (OpAltaurM  venfralltl  — 

Anaconda    (Bvneclet  murinaa) 

CoDimoB  boa   (Boo  conitHcIor) 

Aatlllean  boa  (Boa  glKn(lc«iia) 

Cuban  tra«-boa  (Bpfcrales  anguUfer),. 
Bpreading  adder   {Hcteradon  plat^M- 


Black  snak«  (Eamenii  eoaalrlcl*r> 

Coa«b-wblp  anake  (Zameitla  itapellKut). 

Corn  snaks  (Coluber  galiatiu) 

Common  cblcken  snake  (Colaliar  quad- 

Hrlltoltts) 

Gopber     aoake     (OeniptoiaiiM     coral* 

eouperU) 

rinc  snake  iPitvopMt  MelanolenoM)  .. 

Ball  anake  (ntyopMa  aovO 

Teias  chicken  anake  (OpMboIwa  oalll- 

iniefer) 

King  anake  (Opkfbolv*  getMiiu) 

Common  garter  snake  (AatMtM  Hrlo- 

H>)- — 

Teiaa  water  saake  <Bslinila  prodmo). 
Water    moecaain     (Aaotalndmt    placf- 

Copperhead  (AHCiitrodon  conlortrla) - 
Dlanuod    rattlaanaka    {OrolahM    •<<■- 

iiiaii(e4M) 

Banded    rattleanake    (Orotaiui    h«rrt- 
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QIFHa. 

The  following  persons  presented  animals  to  the  park  during  the 
year: 

Miss  Franora  Gage  Allison,  New  Bedford,  Maes.,  a  Diana  tnonke7< 

Un,  3.  B.  Ames,  Winchester,  Va.,  an  albino  aqalrrel. 

Mr.  D.  R.  Anthony,  Jr.,  Washtngton,  D.  C,  an  aUlgator. 

Mr.  Oscar  E.  Bayiiard,'WBBlilnEton,  D.  C,  a  black  TUltare. 

Mr.  AngUBt  Busck,  Washington,  D.  C,  a  Panama  squirrel. 

Ma],  H.  W.  Carpenter,  U.  S.  M.  C,  ret.,  BerryTllle,  Va.,  two  Caban  parrots. 

Mr.  J.  E.  Eddy,  Latnedeer,  Mont,  b  weatem  porcupine. 

Dr.  Chas.  W,  Ely,  Frederick,  Md.,  a  barred  owl. 

Mr.  W.  H.  Emery,  Jr.,  Washington,  D.  O.,  an  alligator. 

Mr.  Victor  J.  Kvane,  WaeblngtcMi,  D.  C,  two  marmomttea. 

Mr.  Wallace  HSvana,  Oak  Park,  III.,  a  mink. 

Mr.  Gale,  Washington,  D.  C,  a  homed  lizard. 

Mr.  W.  S.  S.  Oroh,  Aahbum,  Va.,  a  common  raccoon. 

Mr.  John  B.  H^ideraon,  Jr.,  Washington,  D.  C,  two  coounon  canaries. 

Mr.  Holmes,  Washington,  D.  C„  a  common  opossum. 

Mrs.  Kenrolde,  Washington,  D.  C,  a  woodchuck. 

Mr.  W.  F.  Mattoon,  Washington,  D.  C.,  a  "  gtaas  snake." 

Ur.  F.  A.  MllUgan,  Washington,  D.  C,  a  common  canary. 

Mr.  Russell  H.  MiUward,  New  York  City,  a  paca. 

Mr.  J.  L.  Narrell,  Port  DepMit,  Md ,  two  copperhead  snakes. 

Mr.  O.  Schneider,  Washington,  D.  C.,  two  alligators. 

Uessra.  D.  A.  Smith  &  L.  E.  De&ton,  Walhalla,  8.  C,  a  bittern. 

Mr.  8.  Stanaberg,  Baltimore,  Md.,  an  alligator. 

Mr.  P.  B.  Trartfl,  Washington,  D,  C,  a  common  rabbit. 

Master  Horace  Wadswortb,  Washington,  D.  C,  a  love  bird. 

Mrs.  li.  P.  Wadsworth.  Washington,  D.  C,  two  alligators. 

Mr.  Geoi^e  A.  Wise,  Washington,  D.  C,  a  woodchuck. 

Mr.  Thomas  Zlpp,  Baltimore,  Md.,  seven  copperhead  snakes. 

United  States  Bureau  of  Ftaberles,  two  elephant  seals  and  four  northern  fur 
seals. 

The  Janitor,  Balfour  Apt,  Washington,  D.  C  a  sparrow  hawk. 

Unknown,  donors,  a  bam  owl  and  two  alligators. 

LOSSES  OF  ANIMALS. 

The  most  important  losses  were  a  lion,  wolverine,  reindeer,  and 
two  northern  fur  seals  from  enteritis;  a  pair  of  elephant  seals 
and  a  fur  seal  from  pneumonia;  four  prong-horn  antelopes  from 
malignant  catarrh  of  nose  and  throat,  and  an  Alaskan  brown 
bear  and  a  springbok  from  tuberculosis.  A  female  tiger  was  killed 
because  of  abnormal  development  of  its  shoulder.  Quail  disease 
was  introduced  through  a  shipment  of  birds  from  the  West,  but  waa 
isolated  so  that  very  little  loss  was  occasioned.  Dead  animals  to  the 
number  of  199  specimens  were  transferred  to  the  National  Museum. 
Autopsies  were  made  as  formerly  by  the  Pathological  Division  of 
the  Bureau  of  Animri  Industry,  Department  of  Agriculture.' 
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STATEMENT   OF   THE   COLUEOTION. 

ACCESBIOBa    DUBINQ    THE   TEAB. 

Presented 

Ret-elfed  from  ^ellovetone  National  Park 

Received  In  exchange 

Lent 

Purcbaeed .'— 

Bom  aud  hatched  In  National  Zoological  Park 

Total 

BUUICABT. 

Animals  on  hand  July  1,  1611 

Acceealons  during  the  year 

Total 

Deduct  loss  (by  exchange,  death,  and  returning  of  animals).. 

On  hand  June  30, 1912 
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The  number  of  visitors  to  the  park  during  the  year  is  estimated 
it  542,738,  being  a  daily  average  of  1,487.  The  largest  number  in 
any  one  month  was  95,485,  in  April,  1912,  an  average  per  day  of  3,183. 

During  the  year  there  visited  the  park  142  schools  and  classes,  a 
total  of  4,140  pupils,  being  a  monthly  average  of  345.  Besides  those 
from  the  District  of  Columbia  and  neighboring  States  there  were 
classes  from  Venncmt,  Massachusetts,  New  York,  and  Tennessee. 

IMPROVEMENTS. 

The  amount  remaining  from  the  appropriation  after  providing  for 
mainten&nce,  was  used  mainly  for  improvements  of  a  permanent 
character.    The  most  important  of  these,  and  one  urgently  needed, 

i'.  imBeBtlOD  of  InnsB,  19;  paeumonla,  IS;  tubercoloilB,  13;  pnlmonat;  edema,  2; 
pomlnit  InflammatloD  of  lunis,  1 ;  upersllloBls,  2 ;  abscesB,  S ;  mallxaant  catarrli  of 
Date  and  throct,  4;  catarrb  at  noBtrllB,  1;  coDeeatlDn  of  liver,  S ;  necroBla  of  tlrer,  2; 
ctiKcr  of  tbe  liver,  1 ;  oateomalada,  2 ;  Decrosls  of  tail,  1 ;  perlcardltiB,  1 ;  perltonltlB,  1 ; 
Hptteemla,  1 ;  pyemic  abaorptlon,  1 ;  hypertrophr  of  apleen,  1 ;  lniliactla&  of  tntestlne,  1 ; 
tjmpaoltle  colic,  1 :  rapture  of  e^K  In  OTldnct.  1 ;  Btomacb  wormH,  I :  BubcutaovouB  para- 
■Itia,  1;  rabies,  1;  conKelatlon,  2;  atarvatlon  (aoakea),  0;  no  cause  found,  fl 
(fl^UnK,  killed  bj  wild  anlmala,  etc.), -19. 
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was  a  fireproof  building  for  the  c^itral  heating  plant.  From  this 
plant  the  animal  houses  and  the  workshop  are  heated,  and  as  long 
as  the  boilers  were  housed  in  a  Aims;,  woden  shed,  part  of  which  was 
used  as  a  woodworking  shop,  there  was-  serious  risk  of  a  disastrous 
fire.  The  new  building  is  46  feet  by  56  feet,  with  wiills  of  stone  and 
concrete,  and  a  roof  of  slate  on  concrete  slabs,  supported  by  steel 
roof  framing.  Two  additional  boilers  were  purchased  and  installed 
so  that  by  using  the  boilers  in  alternation  they  may  be  cleaned  and 
repaired  whenever  necessary  without  interrupting  the  operation  of 
the  plant.  The  storage  vault  for  coal  was  enlarged,  and  a  large  ccm- 
crete  storage  tank  built  for  supplying  warmed  water  to  the  tanks  for 
the  hippopotamus,  tapirs,  and  alligators.  The  cost  of  the  house, 
boilers,  and  other  improvements  connected  with  them,  was  $5,850. 

The  series  of  yards  on  the  west  side  of  the  antelope  house  was  en- 
larged during  the  year.  Light  steel  bars  replaced  the  wire  of  the 
former  fence,  and  wherever  sufficient  space  was  available,  a  double 
fence  of  the  same  character  was  used  instead  of  solid  partitions. 

Adjoining  the  indoor  quarters  of  the  hippopotamus  and  the  tapirs 
a  yard  34  feet  by  60  feet  was  constructed,  in  which  was  provided  a 
good-sized  bathing  pool  6  feet  deep. 

Outdoor  cages  were  installed  along  the  east  side  of  the  anall 
mammal  house,  completing  the  cage  equipment  of  that  building. 

A  number  of  inclosures  for  cattle,  deer,  and  other  animals  wet's 
rebuilt  during  the  year,  and  a  substantial  new  shelter  constructed  for 
the  zebus,  vicugnas,  and  alpacas. 

Three  small  inclosures  for  semiaqnatic  animals  were  built  near  the 
otter  and  beaver  yards,  and  a  permanent  walk  constructed  from  that 
point  to  connect  with  the  main  walk  to  the  west  entrance. 

The  machines  in  the  workshops  of  the  park  have  heretofore  been 
operated  by  steam  power.  As  electric  power  can  now  be  had,  ar- 
rangement is  being  made  to  equip  for  its  use  as  rapidly  as  is  prac- 
ticable. Two  motors  were  purchased  near  the  close  of  the  year,  also 
a  circular  saw  with  combination  bench.  Considerable  economy  in 
labcH-  will  be  effected  by  these  changes.  Work  was  also  begun  on  a 
small  house  for  the  storage  and  preparation  of  food. 

The  cost  of  these  improvements  was  as  follows: 

House  for  central  heetlag  plant fS,  8S0 

Xards  OD  west  side  of  antelope  bouse 1,  BOO 

Yard  for  hippopotamus  and  tapirs SSO 

Completing  outdoor  cagea  at  small  mammal  house 525 

iDcloBures  and  Bbtitera  (or  cattle,  deer,  etc 800 

Small  iDcIofluree  and  walk  In  beaver  valley 4B0 

Equipment  for  workshops  __, 813 

Veginnlne  construction  of  food  bouse D6S 
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IMPORTANT  NBHDS. 

New  bridge. — The  log  bridge  that  crosses  the  creek  on  the  main 
driveway  in  the  lower  part  of  the  parii  has  for  some  time  shown  signs 
of  weakness.  A  careful  esamination,  by  the  engineer  of  bridges  of 
the  District  of  Columbia,  showed  that  several  of  the  logs  were  in  an 
advanced  stage  of  decay  and  that  the  whole  structure  would  soon  be 
unsafe.  It  was  therefore  recommended  to  Congress  that  an  appro- 
priation of  $20,000  be  made  for  a  permanent  structure.  At  the  time 
of  writing  it  is  known  that  such  an  appropriation  was  made.  The 
construction  of  the  new  bridge  will  therefore  be  part  of  the  work 
for  the  cCHuing  year. 

Aviary. — In  spite  of  all  efforts  the  fine  ootlection  of  birds  in  the 
park  is  very  far  from  adequately  boused.  The  wooden  building  in 
which  the  larger  number  are  kept  is  too  small,  too  low,  insanitary, 
and  really  unworthy  of  a  national  institution.  It  was  built  in  the 
cheapest  manner  to  meet  an  emergency  and  although-  considerable 
sums  have  been  spent  on  it  for  repairs  it  is  far  from  satlsfactoty.  It 
is  desired  to  build  a  suitable  aviary  in  the  western  part  of  the  park 
and  to  group  about  this  the  cages  for  the  eagles,  vultures,  condors, 
and  owls  now  scattered  somewhat  irregularly  about  the  grounds.  It 
is  believed  that  a  suitable  structure  can  be  built  for  about  $80,000. 

Hospital. — The  statistics  given  above  show  that  the  animals  are 
not  exempt  from  diseases.  Infective  disorders  are  sometimes  bronght 
in  by  animals  that  have  been  kept  in  insanitary  conditions  on  ship- 
board or  in  the  colIecti(His  of  dealers.  Even  with  the  utmost  care 
pathological  c<mditions  are  likely  to  arise  due  to  changes  of  habit 
due  to  captivity.  Animals  brought  to  the  park  from  any  place  not 
known  to  be  sanitary  and  free  from  disease  should  be  properly 
quarantined.  Sick  animals  should  also  be  isolated,  both  on  their 
own  account  and  to  prevent  the  spread  of  disease.  This  has  been 
done  imperfectly,  in  the  wily  way  possible,  by  keeping  them  in  ex- 
posed cages  back  of  the  stable  and  excluding  the  public.  A  small 
building  to  serve  as  quarantine  and  hospital  is  urgently  needed. 

Public  comfort  kouae. — ^There  is  at  present  no  satisfactory  pro- 
vision for  the  comfort  of  visitors  who  come  to  spend  some  time  in 
viewing  the  collection.  The  park  is  located  at  a  long  distance  from 
any  available  restaurant,  there  is  no  suitable  place  where  women  or 
children  can  rest,  or  be  quiet  if  fatigued,  or  taken  suddenly  ill.  This 
offers  an  unpleasant  contrast  to  the  arrangements  usually  seen  in 
other  zoological  gardens.  It  is  desired  to  construct  a  permanent 
building  in  a  central  locality  to  serve  as  a  rest  house  and  refectory. 

New  paddocks.— The  deer  and  other  ruminant  animals  confined 
near  the  western  entrance  to  the  park  have  worn  the  ground  so  much 
by  the  ixmstant  attrition  of  their  hoofs  that  their  paddocks  are  almost 
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Trholly  bare  of  vegetation  and  the  soil  is  washing  away  under  the 
influence  of  rains.  These  animals  must  soon  be  removed  to  a  new 
location. 

Alterations  of  area.— Yery  soon  after  the  inception  of  the  parii 
endeavors  were  made  to  have  its  boundaries  changed  to  conform  to 
the  plan  of  the  city.  It  must  be  remembered  that  this  plan  was  not 
developed  when  liie  park  was  laid  out.  Consequently  there  are 
regions  where  the  boundary  does  not  reach  existing  streets  and 
narrow  strips  of  ground  are  left  which,  if  occupied,  make  the  rear  of 
houses  abut  upon  the  park,  presenting  an  unsightly  appearance. 
This  has  gone  on  until  on  the  eastern  side  private  houses  have  been 
built  that  seem  to  be  about  to  slide  down  a  steep  cliff  into  the  park. 
The  value  of  the  adjoining  property  has  materially  enhanced. 

The  western  side  is  greatly  in  need  of  improvement.  The  ideal 
plan  would  be  to  extend  the  park  to  Connecticut  Avenue,  which  is  a 
fine,  broad  street,  and  make  the  principal  entrance  there,  with  gate- 
ways befitting  a  national  institution.  If  this  be  found  to  involve 
too  great  an  expenditure,  the  area  should  at  least  be  made  to  reach 
to  some  contiguous  road,  either  now  existing  or  to  be  hereafter 
established. 

Retaining  wall. — The  extension  of  a  street  a  short  distance  from 
the  southern  boundary  of  the  park  has  made  necessary  an  extensive 
fill  of  earth  across  the  ravine  where  Ontario  Road  reaches  the  park 
boundary.  This  fill  is  encroaching  more  and  more  upon  the  park, 
and  after  every  heavy  rain  tons  of  earth  are  precipitated  down  this 
ravine  and  into  the  creek.  There  seems  to  be  no  remedy  for  this 
but  the  construction  of  a  suitable  retaining  wall  or  walls  forming  a 
series  of  terraces. 

Riprapping  hanks  of  Rock  Creek. — The  heavy  vtJume  of  water 
that  ru^es  down  the  creek  at  every  storm  erodes  the  banks,  under- 
mines large  trees,  and  in  some  places  threatens  the  roadways.  It  Is 
desirable  to  avoid  this  by  riprapping  with  stones  of  sufficient  size  to 
withstand  the  action  of  the  water.  Such  work  can  be  effectually 
concealed  by  planting  twigs  and  small  plants  in  the  interstices. 

Footbridge  below  lower  ford.— As  the  city  is  rapidly  increasing  to 
the  westward  of  the  park,  more  and  more  people  enter  from  Cathe- 
dral Avenue.  There  is  a  well-made  road  from  this  entrance  to  the 
ford  through  the  creek,  practicable  during  low  water  for  carriages. 
Foot  passengers  are,  however,  placed  at  a  disadvantage,  as  in  order 
to  reach  the  animal  houses  they  are  obliged  to  scramble  along  a  pre- 
cipitous pathway,  used  at  present  mainly  by  workmen,  before  they 
can  get  to  the  properly  improved  roads.  At  a  slight  expense  a  foot- 
bridge could  be  made  below  the  lower  ford  which  would  enable  vis- 
itors to  reach  at  once  the  main  roads  of  the  park. 

Additions  to  the  collection. — Without  attempting  to  exhibit  those 
animals  that  are  valuable  merely  because  of  their  variety,  it  would 


BEPOBT  OF   THE   8ECBETABY.  81 

aeem  that  a  national  collection  should  at  least  show  those  that  are 
common  objects  of  interest,  such  as  the  giraffe,  the  dromedary,  the 
rhinoceros,  the  African  elephant,  the  various  mountain  goats,  includ- 
ing the  indigenous  species  and  others.  The  high  price  of  these  ani- 
mals has  made  their  acquisition  prohibitive  in  the  past,  but  it  is 
hoped  their  purchase  may  be  made  possible  in  the  future. 

Respectfully  submitted. 

Frank  Bakeb,  Superintendent. 

Dr.  Chabubb  D.  Walcott, 

Secretary  of  the  Sndthaoman  Inttitutum, 
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REPORT  ON  THE  ASTROPHYSICAL  OBSERVATORY. 

Sib  :  I  have  the  honor  to  present  the  following  report  on  the  oper- 
ations of  the  Smithsonian  Astrophysical  Obserratory  for  the  year 
ending  June  30, 1912 : 

EQUIPMENT. 

The  equipment  of  the  observatory  is  as  follows: 

la)  At  Washington  there  is  an  inclosure  of  about  16,000  square 
feet,  containing  five  small  frame  buildings  used  for  observing  and 
computing  purposes,  three  movable  frame  shelters  covering  several 
out-of-door  pieces  of  apparatus,  and  also  one  small  brick  building 
containing  a  storage  battery  and  electrical  distribution  apparatus. 

(6)  At  Mount  Wilson,  California,  upon  a  leased  plat  of  ground 
100  feet  square  in  horizontal  projection  are  located  a  one-story 
cement  observing  structure,  designed  especially  for  solar-constant 
measurements,  and  also  a  little  frame  cottage,  21  feet  by  25  feet,  for 
observer's  quarters. 

There  were  no  important  additions  to  the  instrument  equipment 
of  the  observatory  during  the  year. 

In  1909  the  Smithsonian  Institution,  at  the  expense  of  the  Hodg- 
kins  fund,  erected  on  the  summit  of  Mount  Whitney,  California 
(height  14,502  feet),  a  st«ie  and  steel  house  to  shelter  observers 
who  might  apply  to  the  Institution  for  the  use  of  the  house  to  pro- 
mote investigations  in  any  branch  of  science.  While  this  structure 
is  not  the  actual  property  of  the  Astrophysical  Observatory,  it 
affords  an  excellent  opportunity  for  observations  in  connection  with 
.L-_,  '-'-gu  Qn  Mount  Wilson. 

WORK  OF  THE  TEAR. 
I.  ON  THE  VARIABILITY  OF  THB  SUN. 

iss  having  provided  funds,  an  expedition  under  the  im- 
:harge  of  the  Director  proceeded  in  July  to  Bassour,  Algeria, 
there  a  long  series  of  solar-constant  observations  simultane- 
h  similar  observations  made  by  Assistant  Aldrich  on  Mount 
The  Algerian  expedition  included  Mr.  and  Mrs.  Abbot  and 
P.  Brackett,  of  Pomona  College,  California.  The  apparatus 
ras  the  same  used  by  Mr.  Abbot  on  Mount  Whitney  in  1909 
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and  1910.  Station  was  reached  wi  July  81, 1911,  but  owing  to  a  most 
unfortunate  miecarriage  of  a  box  of  apparatus,  obserratjons  could 
not  be  ctMnmenced  until  August  26,  and  several  more  days  were  re- 
quired to  get  the  whole  oatfit  working  satisfactorily.  The  weather 
of  August  was  excellent  at  both  Meant  Wilson  and  Bamour,  but  in 
the  subsequent  m(Hiths  the  good  days  at  one  station  frequently  coin- 
cided with  bad  ones  at  the  other.  Hence,  although  44  days  of  solar- 
constant  observations  were  secured  at  Bassour  up  to  November  17, 
when  the  camp  was  broken  up,  and  a  still  greater  number  wwe 
secured  at  Mount  Wilson,  only  29  of  these  coincided. 

In  spite  of  the  loss  of  August  and  the  unfavorable  weather  of  sub- 
sequent months,  the  results  thus  far  reduced  strongly  confirm  the 
supposed  variability  of  the  sun.  For  example,  the  first  half  of 
September  yielded  the  following  results: 

Bolar-cotutant  xtaJucs. 


Aug.». 

AUE-aO. 

•»- 

B^Ll. 

»(pt.J. 

8qrt.a. 

S«pL<. 

Bept.E 

StpLG 

Sept.  7. 

l.STB 

1.8K 
1.9S1 

I;"s 

I.S04 

l.*M 

1.9DS 

I.BW 

t.oas 

I-BBO 

I.t03 

.063 

.OM 

.033 

' 

.003 

B«pt.g. 

Bept.» 
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From  these  results  appear; 

(A)  The  solar-constant  results  obtained  at  Bassour  are  on  the 
average  2  per  cent  higher  than  those  obtained  for  the  same  days  on 
Mount  WilsMi.  Referring  to  former  reports,  the  solar-constant  re- 
anlts  obtained  at  Washington  and  at  Mount  Whitney  were  also  ctm- 
9is(«ntly  higher  than  those  obtained  at  Mount  Wilson,  and  by  about 
the  same  amount  as  just  ^ven.  Hence,  we  seem  justified  in  consider- 
ing that  there  is  a  condition  tending  to  low  results  prevailing  at 
Mount  Wilson.  This  may  very  probably  be  the  increase  of  haziness 
there  at  hi^  sun,  due  to  increased  humidity.  In  view  of  the  uniform 
testimony  of  the  three  otlier  stations,  it  seems  proper  to  conclude  that 
Mount  Wilson  solar  constant  values  are  generally  too  small. 

(B)  High  »olar  constant  v^ves  at  Bassour  correspond  with  high 
solar  constant  values  at  Mount  WUson,  and  vice  versa.  This  relation 
IB  shown  in  both  the  accompanying  diagrams.  Figure  1  is  a  plot  of 
the  successive  solar-cmstant  values  at  the  two  stations  for  the  days 
motioned.    Figure  2  shows  the  same  values  plotted  in  a  manner  to 
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better  exhibit  the  c»mparisoii.  The  vertical  scale  (fig.  2)  representa 
Mount  Wilson  values  and  the  horizontal  scale  Bassour  values  of  the 
solar  constaot  for  each  day  when  satisfactory  obaervations  were  se- 
cured at  both  stations.  If  the  values  observed  were  without  error, 
it  is  obvious  that  for  each  day  they  would  have  been  identical  at  the 
two  stations.  H^ice,  if  the  solar  radiation  had  values  of  1.S0,  1.95, 
and  2  calories  on  three  different  days,  they  should  have  been  r^re- 
sented  by  points  at  the  lower  left  comer,  the  center,  and  the  upper 
right  comer  of  our  diagram,  if  observed  at  both  stations  without 
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Fia.   1. — BuccetBlve  lolar  congUnt  ralDes,  Bftasoat  and   Uount  Wilton. 

error.  In  general  all  values  of  the  solar  constant  would  fall  on  the 
line  A  B  of  the  figure  if  the  measurements  were  without  error.  But 
we  have  found  the  Mount  Wilson  values  consistently  lower  by  2  per 
cent.  If  we  admit  a  ctmstant  systematic  error  of  this  magnitude, 
but  still  deny  all  accidental  error  of  measurement,  then  all  observa- 
tions should  fall  on  the  line  G  D  of  our  diagram.  They  must  all  lie 
at  a  ^ngle  point  of  C  D  if  the  solar  radiation  is  consbiut,  but  may 
fall  anywhere  upon  that  line  if  the  solar  radiation  is  variable.  In 
practice  it  is  of  course  never  poesible  to  avoid  accidental  errors  of 
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measuremeiit  Hence,  we  must  expect  that  all  values  shall  cluster 
about  a  point  on  C  D  if  the  sun  is  constaot,  but  shall  cluster  about 
C  D  as  an  (Msis  if  the  sun  is  variable.  The  latter  condition  is  evi- 
dently the  fact.  Assuming  the  mean  point  of  C  D  as  a  center,  the 
average  deviaticKi  from  it  is  proportional  to  8.  Assuming  the  line 
C  D  as  an  axis,  the  average  deviation  from  it  is  proportional  to  3. 
Thns  the  observations  are  represented  8/3  times  better  by  aasoming 
that  the  sun's  radiation  is  variable  than  by  assuming  it  constant. 
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no.  3. — aimultanmia  wlar  conatant  determlnatlDiit.     Baasonr  and  Honnt  Wilson. 

The  average  deviation  of  the  values  from  the  line  C  D  is  0.021 
calories.  Hence  we  may  conclude  that  simultaneous  solar-constant 
measurements  at  Bassour  and  at  Mount  Wilson,  while  differing  by  a 
constant  factor  of  2  per  cent,  exhibit  accidental  errors  of  only  1-2  per 
cent  due  to  variability  of  the  sky,  errors  of  observing,  and  the  tike. 
Dividing  by  the  square  root  of  2,  we  find  that  the  average  accidental 
error  of  a  single  solar-constant  determination  at  one  station  is  0.9  per 
cent.  When  one  considers  the  multiplicity  of  the  sources  of  error  in 
this  complex  investigation,  and  that  the  result  just  announced  de- 
pends on  the  uniformity  of  the  sky  during  several  hours,  as  well  as 
80880'— an  1912 ^T 
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on  the  ordinary  vicissitudea  of  all  experimental  work,  the  smallness 
of  this  accidental  error  seems  remarkable. 

EsBpedittonH  of  19l£. — While  the  simultaneous  observations  made 
in  1811  at  Bassour  and  Mount  Wilson  seemed  justly  interpretable  as 
confirming  the  variability  of  the  sun,  yet  it  was  felt  that  a,  result  of 
8uch  imconunon  interest  ought  to  be  put  beyond  the  smallest  war- 
rantable doubt.  Accordingly,  in  May,  1912,  Mr.  and  Mrs.  Abbot 
again  returned  to  Bassour,  where  they  were  j<nned  on  May  20  by  Mr. 
Anders  Knutson  Angstrom,  as  temporary  assistant.  Observations 
were  be^un  on  June  2.  Obsenations  on  Mount  Wilson  had  already 
been  begun  by  Mr.  Fowle  in  April.  June  yielded  17  days  of  meas- 
urement at  Bassour  and  25  days  on  Mount  Wilson.  It  is  expected 
that  the  two  expeditions  will  continue  observing  until  about  Septem- 
ber 10, 1912.  There  can  hardly  be  any  question  that  this  work,  com- 
bined with  that  of  1911,  will  thoroughly  prove  or  disprove  the  exist- 
ence of  the  suspected  short-period  variations  of  the  sun. 

2.  OK  I^B  DtSSeUIHATION  OF  8TAMDABD8  OF  FTBHIiLIOlfETBT. 

The  Smithsonian  Institution  having  undertaken  to  furnish  silver 
disk  pyrheliometers  at  cost  when  useful  solar  researches  seemed  likely 
to  be  promoted  thereby,  the  assembling  of  the  completed  instruments, 
their  standardization,  and  their  packing  for  shipment  have  been  done 
at  the  Astrophysical  Observatory.  During  the  past  year  about  10 
such  instruments  have  been  prepared  and  sent  out,  mostly  to  foreign 
governmental  meteorological  services.  When  returning  from  Al- 
geria Mr.  Abbot  compared  silver  disk  pyrheliometer  A.  P.  O.  No. 
IX  at  Naples  and  Potsdam  with  similar  instruments  furnished  by 
the  Institution.  In  neither  case  was  there  found  any  change  of  read- 
ings of  the  instruments  compared.  It  was  hoped  to  make  compari- 
sons also  at  London  and  Paris,  but  the  weather  prevented. 

S.  ON  THB  AB80BFTI0N  OF  RADIATION  BY  ATUOfiPHMtlC  WATBR  VAPOB. 

Mr.  Fowle  has  continued  the  research  on  the  absorption  of  radia- 
tion  by  water  vapor,  and  has  devised  and  published '  a  method  tor 
determining  spectroscopically  the  total  quantity  of  water  vapor  in- 
cluded between  the  observer  and  the  sun.  The  method  is  based  on 
Bpectrobolometrie  observations  made  with  the  long  absorption  tube 
motioned  in  the  last  two  reports,  and  is  applicable  to  all  bolometric 
observations  of  the  sun's  infra-red  spectrum.  It  seems  prcAjably  to 
be  accurate  to  within  1  or  2  per  cent.  Heretofore  there  has  been  no 
method  of  estimating  atmospheric  water  vapor  excepting  from  ob- 
servations of  the  humidi^  prevailing  at  the  surface  of  the  earth 
or  near  kites,  balloons,  and  mountains.    Frtmi  such  psychrometric 
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observotiiHis  made  at  different  lev^  goieral  fonntil»  for  the  wer- 
age  humidity  of  the  atmosphere  hare  been  derived.  Mr.  Fowle  finds, 
however,  that  these  f(Hmube,  while  representing  avenge  cmditiona, 
are  often  widely  astray  on  individual  days.  He  is  preparing  farther 
data  from  Washington,  Mount  Wilson,  Mount  Whitney,  and  Bassour 
spectrdwlometric  work,  to  promote  a  more  comj^ete  etndy  of  atmos- 
pheric humidity. 

This  investigation  has  yielded  a  valuable  application  for  aolar- 
emistant  work,  tot  Mr.  Fowle  has  found  a  way  to  very  greatly 
diorten  the  wot^  of  ooirecting  for  water-vapor  absorption  in  reduc- 
ing the  holographic  observations.  This  will  diminish  by  about  mo- 
fifth  the  labcT  of  reducing  the  solar-constant  work,  and  at  the  same 
time  will  yield  results  of  slightly  greater  accuracy  than  before. 

Atmospheric  water-vapor  absorption  work  has  been  cMifined  to 
the  upper  infra-red  spectrum  bands  this  year.  A  vacuum  bolometer 
is  in  preparation,  by  means  of  which  a  (xmsiderable  gain  in  sensi- 
tiveness of  the  apparatus  is  hc^>ed  for.  This  will  greatly  promote 
the  value  of  the  work  at  very  great  wave  lengths,  and  accordin^y 
this  part  of  the  woi^  has  been  allowed  to  await  the  introduction  of 
the  vacuom  bolometer. 

FSB80NNEL. 

Prof.  F.  P.  Brackett  served  as  temporary  bolometric  assistant  to 
the  Algerian  expedition  of  1911. 

Mr.  Anders  Knutson  Angstrom  served  as  temporary  bolometric 
assistant  to  the  Algerian  expedition  of  1912. 

Miss  F.  E.  Frisby  was  appointed  temporary  computer,  February 
12, 1912. 

Minor  Clerk  M.  S^al  resigned  March  1, 1912. 

F.  B.  Carrington  was  appointed  messenger  boy  on  March  25, 1912. 


The  year  has  been  notable  for  expeditions  to  Algeria  and  Cali- 
fornia to  test  the  supposed  variability  of  the  sun  by  making  simul- 
taneously at  these  two  widely  separated  stations  spectrobolometric 
determinations '  of  the  solar  constant  of  radiation.  The  measure- 
ments in  Algeria  agree  with  earlier  ones  at  Washington  and  Mount 
Whitney  and  indicate  that  Mount  Wilson  values  are  systematically 
a  little  low.  Apart  from  this  systematic  error  the  average  acci- 
dental differences  between  Algerian  and  Mount  Wilson  determina- 
tions were  only  1.2  per  cent,  indicating  an  average  accidental  error  of 
a  single  solar-constant  determination  at  one  station  of  only  0.9  per  cent 
So  far  as  yet  reduced,  Adgh  aolar-conatant  valueg  obtained  in  Algeria 
eoineide  with  high  values  at  Mount  Wilton  and  vice  veraa.    A  solar 
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varistion  of  4  per  cent  was  indicated  at  both  stations  in  the  first 
half  of  September,  191X.  Many  values  remain  to  be  ccunputed,  but 
it  can  now  hardly  be  doubted  that  the  outcome  will  prove  conclu- 
sively the  irregular  short^period  variabilily  of  the  sun. 

Numerous  copies  of  the  silver  disk  pyrheliometer  have  beeo  stand- 
ardized and  sent  out,  nuiinly  to  foreign  governmental  meteorological 


Valuable  results  have  been  secured  in  the  research  on  the  trans- 
mission of  radiation  through  atmospheric  water  vapor.    An  accurate 
ating  the  total  water-vapor  contents  of  the  atmos- 
lie  <:^>8erver  and  the  sun  has  been  devised  by  iir. 

iibmitted. 

C.  G.  Abbot, 
Director,  Astrophysiccd  Ohaervaiory. 

COTT, 

of  the  SnUthsonian  Institution. 
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REPORT  ON  THE  LIBK.VRY. 

Sir  :  I  have  the  honor  to  present  the  following  report  on  the  work 
of  the  Library  of  the  Smithsonian  Institution  during  the  fiscal  year 
ending  June  30,  1912 : 

As  no  general  account  of  the  library  has  appeared  in  the  publica- 
tions of  the  Institution  for  the  last  16  years,  it  seems  desirable  to 
give  a  brief  summary  of  its  history  in  this  place. 

The  formation  of  a  library  wa«  included  among  the  objects  of  the 
Institution  in  the  act  of  Congress  approved  August  6, 1846,  by  which 
it  was  established.  The  character  of  this  library  was  specified  in  the 
program  of  organization  presented  to  the  Board  of  Regents  by  Sec- 
retary Henry  on  December  8,  1847,  and  approved  by  them,  in  the 
following  terms : 

To  carrjr  out  tlie  plan  before  described,  a  Ubraiy  will  be  required,  first,  of  a 
complete  collectloa  of  tJbe  transactloDB  and  proceedings  of  all  tbe  learned  eocle- 
tiea  In  ttie  world;  second,  of  tbe  more  Important  current  periodical  publications 
and  other  works  necessary  In  preparing  tlie  periodical  reports. 

With  reference  to  the  collection  of  books  other  than  those  mentioned  kIwta, 
catalogoee  of  all  tbe  different  libraries  in  tlie  United  States  should  be  pro- 
cored,  in  order  that  the  valuable  books  first  purchased  may  be  such  as  ate  not 
to  be  found  In  the  United  States. 

Also  catalognes  of  memoirs,  and  of  boobs  In  foreign  libraries,  and  other 
materials  sboold  be  collected  for  rendering  the  Institution  a  center  of  biblio- 
graphical knowledge,  whence  the  student  may  be  directed  to  any  work  which  he 
may  require. 

In  1847  Prof.  Charles  C.  Jewett  was  appointed  librarian,  and  after 
some  little  delay  began  collecting  books  in  accordance  with  the  plan 
just  cited.  As  a  result  of  his  activities  the  Smithsonian  Library  in 
1852  comprised  32,000  volumes.  A  portion  of  them  was  obtained  by 
purchase  and  others  by  the  exchange  of  the  publications  of  the 
In^tution  for  those  of  learned  societies  and  similar  organizations 
in  the  United  States  and  in  Europe. 

The  expense  of  maintaining  the  library  soon  became  a  serious 
drain  an  the  limited  resources  of  ihe  Institution,  and  in  1864  the 
Board  of  Regents,  on  the  recranmendation  of  Secretary  Henry,  re- 
quested Congress  to  authorize  its  deposit  in  the  Library  of  Congress. 
An  act  to  this  effect  was  paired  in  1866,  and,  in  accordance  with  its 
provisifHis,  the  Smithsonian  library  was  transferred  the  same  year  to 
the  new  fireproof  rooms  in  the  Capitol  which  had  been  prepared  at 
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that  time  for  the  better  accommodatioD  of  the  Idbrary  of  Coujiress. 
The  SmithsouiaD  Library  then  contained  aboat  40,000  volumes.  Its 
transf^  from  the  Smithninian  building  in  nowise  checked  its  ftrowth. 
It  increased  in  extent  with  every  succeeding  year,  and  in  18d5  the 
record  entries  had  reached  314,500,  including  books,  pamphlets,  peri- 
odicals and  parts  of  periodicals,  and  maps,  exclusive  of  certain  small 
special  c(^ecti(»is  not  incorporated  in  the  "  Smithsonian  deposit." 
The  Institution  at  that  time  currently  received  more  than  3,045  sepa- 
rate publications  of  learned  societies,  periodicals,  and  magazines,  of 
which  1,565  related  to  pure  science,  704  to  applied  science,  and  776 
to  art,  literature,  trade,  and  a  variety  of  other  subjects.  The  small 
special  collectitHis  mentitmed  above,  known  as  the  secretary's  library, 
the  office  library,  the  library  of  the  Astropbysical  Observatory,  the 
library  of  the  National  Zoological  PaA,  the  employees'  library,  the 
Exchange  Service  collection,  and  the  law  reference  library  a^^- 
gated  about  10,000  publications  in  1896. 

In  1S97  the  Smithsonian  library  was  transferred  with  the  Library 

of  Ccmgress  to  the  new  building  provided  for  the  latter  and  placed 

in  the  east  stack  and  in  a  large  room  adjoining  the  same.     It  was 

subsequently  transferred  to  another  room,   which  was  specially 

equipped  with  metal  bookcases. 

Tt  is  not,  nnf¥4ihle  to  ascertain  the  exact  number  of  books,  pamphlets, 

itions  contained  in  the  Smithsonian  library  at  the 

lout  making  an  actual  enumeration  of  them,  an 

vould  be  attended  by  many  difficulties.     It  may  be 

it  at  the  close  of  the  fiscal  year  1912  the  accession 

d  a  total  f<H-  the  contents  of  the  library  of  508,768, 

tamphlets,  periodicals  and  parts  of  periodicals,  and 

exclu^ve  of  the  small  special  collections  already 

tution  has  acquired  by  donation  or  otherwise  many 
I  bo<^  and  collections  of  books  relating  to  other 
sciences,  the  original  program  laid  down  by  Secre- 
een  closely  followed,  and  the  Smithsonian  library 
Library  of  Congress  consists  mainly  of  scientific 
e  transactions  and  proceedings  of  learned  societies. 
)  exception,  it  contains  the  most  important  collec- 
ises  of  publications  to  be  found  anywhere  in  the 

the  activities  of  the  National  Museum  which  fol- 
influx  of  collections  from  the  United  States  Fish 
from  the  Centennial  Exhibition  of  1876  and  the 
orate  Museum  building  made  it  imperative  that 
books  on  natural  history,  the  arts,  museum  admin- 
>r  subjects  should  be  permanently  available  for  the 
linistrative  staff,  for  use  in  identifying  and  dassi- 
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fying  coUectiona  and  as  a  source  of  informatitHi  regarding  museam 
methods.  This  resulted  in  the  establishment  of  the  National  Museum 
Library,  which  had  as  its  nucleus  the  collection  presented  by  Secre- 
tary Baird.  By  small  annual  expenditures  for  the  purchase  of  books, 
and  by  the  exchange  of  the  Museum  publications,  hy  donations,  and 
otherwise,  this  library  has  Accumulated  about  42,000  volumes,  TOyOOO 
unbound  papers,  and  a  number  of  maps,  charts,  and  manuscripts. 

A  similar  need  in  the  Bureau  of  American  Ethnology  has  led  to  the 
formation  of  a  library  relating  to  ethnology  and  archeo^igy,  and  «a- 
pecially  to  the  Nortii  American  Indians,  which  ccHnprisea  about 
21,000  TfJnmes. 

While  the  Library  of  Congress  has  the  custody  of  the  "  Smithso- 
nian deposit,"  the  title  of  the  library  remains  in  the  Institution.  It 
continues  to  have  free  use  of  its  books,  and  also  enjt^s  the  use  of 
the  books  belmiging  to  the  Library  of  Congress.  Under  the  pro- 
Tiaionsof  the  act  of  Congress  through  which  the  Smithsonian  Library 
was  transferred  to  the  Library  of  Congress,  the  Institution  may  with- 
draw the  bo<^  upon  reimbursement  to  the  Treasuiy  for  the  ex- 
penses incurred  in  binding  and  caring  for  them. 

As  foreseen  by  Secretary  Henry,  this  arrangement  has  both  its 
advantages  and  its  disadvantages.  The  Institution  is  relieved  from 
the  expense  of  maintaining  a  large  library,  and  its  books  are  safe- 
guarded and  housed  with  other  similar  collections,  whereby  the  wants 
of  students  and  investigators  in  many  lines  of  intellectual  work  are 
provided  for  in  one  place. 

On  the  other  hand,  the  Institution  has  little  within  its  own  walls 
to  show  for  its  early  expenditures  for  books,  or  for  the  great  syston 
of  exchanges  which  has  been  carried  on  for  more  than  half  a  cen- 
tury. Furthermore,  with  the  growth  of  the  National  Museum  and 
other  scienti6c  branches,  under  the  direction  of  the  Institution,  the 
desirability  of  having  a  large  body  of  books  immediately  at  hand 
becomes  every  year  more  apparent.  This  is  especially  true  as  regards 
books  on  natural  sciences,. and  on  the  industrial  and  fine  arts,  a  large 
number  of  which  are  constantly  needed  by  the  staff  of  the  National 
Museum,  as  well  as  by  the  other  scientific  bureaus  of  the  Government 
and  by  representatives  of  the  great  body  of  scientific  students  and 
investigators  throughout  the  country  who  are  attracted  to  Washing- 
ton by  the  collections  of  the  Museum. 

In  order  that  this  need  might  be  met  as  far  ae  possible  without  im- 
pairing the  arrangement  with  the  library  of  Ccmgress,  the  Museum 
has,  as  already  mentitmed,  assembled  a  considerable  library  of  its  own, 
but  it  has  been  fonnd  desirable  also  to  keep  certain  series  belonging 
to  the  Smithsmian  deposit  at  the  Institution  for  longer  p«riods  than 
would  be  required  for  ordinary  reference.  The  library  of  the  Bureau 
of  American  Ethnology  is  also  housed  in  the  Smithsonian  Building, 
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and,  in  addition,  the  various  small  coUectiixis  of  books  m^itioned 
above,  except  that  of  the  Zoological  Park,  which  is  kept  in  the  park 
offices. 

To  provide  fireproof  quarters  for  these  and  also  for  a  portion  of 
the  N^alaonal  Museum  Library,  it  was  proposed  last  year  to  erect 
metal  bookstacks  in  the  main  hall  of  the  SmithsiHiian  Bnilding  where 
they  could  all  be  brought  together  and  ecMiomically  administered- 
It  is  to  be  hoped  that  Congress  will  soon  provide  the  means  for 
carrying  this  plan  into  effect. 

As  regards  the  service  of  the  library,  the  most  unsatisfactory  fea^ 
ture  at  present  is  the  delay  in  obtaining  books,  whidi  frequently 
occurs,  owing  to  the  fact  Utat,  in  accordance  with  the  established 
routine,  books  are  received  from  the  Library  of  Congress  only  twice 
a  day.  It  ia  not  always  possible  for  those  who  use  the  library  to  cite 
the  exact  date  or  serial  number  of  volumes  wanted  for  reference,  and 
hence,  through  the  fault  of  no  one,  wrong  books  are  sometimes  re- 
ceived.   This  causes  additional  delay  and  dissatisfaction. 

As  ia  well  known,  the  plan  has  recently  been  canvassed  by  the  Qov- 
ernment  of  connecting  the  several  departments  and  bureaus  by  an 
underground  pneumatic  carrier  large  enough  to  take  books  of  at  least 
the  usual  sizes.  A  connection  of  this  kind  between  the  buildings  of 
the  Library  of  Congress,  the  Smithsonian  Institution,  and  the  Na- 
ti<ma]  Museum  would  be  of  great  utility  iii  the  service  of  the  library 
and  would  remove  the  difficulties  now  existing  as  regards  the  ddivery 
of  books. 

The  greatest  defect  in  the  Smithsonian  Library,  and  one  which 
has  existed  for  many  years,  if  noC  from  the  beginning,  is  the  lack 
of  completeness  of  numerous  sets  of  scientific  serials.  While  this 
condition  is  not  at  all  peculiar  to  this  library,  it  is  a  source  of  mndi 
vexation  to  those  who  nse  the  books.  Secretary  Langley,  when  in 
charge  of  the  library,  devised  a  plan  by  which  many  gaps  were  filled, 
bnt  others  still  remain.  The  Institution  has  never  possessed  funds 
suffioient  to  enable  it  to  remedy  the  defects  by  purchase.  Odd  vol- 
umes of  a  series  are  not  often  obtainable,  and  to  purchase  the  whole, 
or  the  greater  part  of  a  series,  in  order  to  obtain  a  particular  volume, 
is  on  expensive  procedure.  Althon^  a  great  deal  of  thought  has 
been  expended  in  attempts  to  devise  a  plan  to  overcome  this  diffi- 
culty, it  has  not  led  to  any  practical  result  so  far  as  the  Institution 
is  concerned.  Recently,  however,  the  Library  of  Congress,  through 
its  greater  resources,  has  succeeded  in  jHttcuring  many  of  the  desired 
volmnes,  and  they  have  be^i  placed  in  the  gaps  in  the  Smithsonian 
series.  'Hiis  liberal  action  in  the  interest  of  scientific  study  seems 
to  constitute  the  only  possible  solution  of  the  problem  at  present, 
although  it  would  naturally  be  a  source  of  greater  satisfaction  to  the 
Institution  if  all  the  voltunes  in  the  various  series  bore  the  Smith- 
sonian stamp.  ("  i  1  >l  ■ 
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"During  the  fiscal  year  covered  by  this  report,  29,147  packages  of 
publications  were  received  by  mail  and  2,759  packages  through  the 
International  Exchange  Service,  making  a  total  of  31,906  packages. 
Some  of  these  packages  contained  as  many  as  20  separate  parts  of 
periodicals  or  other  serial  publications.  About  4,737  acknowledg- 
ments were  made  on  the  regular  forms  in  addition  to  the  letters 
which  were  written  in  acknowledgment  of  publications  received  in 
response  to  the  requests  of  the  Institution  for  exchange. 

The  accessions  for  the  Smithsonian  deposit  in  the  Library  of  Con- 
gress recorded  during  the  year  numbered  3,540  volumes,  1,951  parts 
of  volumes,  15,826  pamphlets,  and  366  charts,  making  a  total  of 
21,683  publications.  The  accession  numbers  ran  from  504,150  to 
508,788,  the  parts  of  serial  publications  entered  on  the  card  catalogue 
numbered  19,012,  and  1,225  slips  were  made  for  completed  volumes, 
and  171  cards  for  new  periodicals.  These  various  publications  com- 
prised in  all  52,548  separate  pieces,  including  parts  of  periodicals, 
pamphlets,  and  volumes.  They  were  sufficient  to  fill  364  boxes, 
which  together  contained  approximately  the  equivalent  of  14,560 
volumes.  In  addition,  2,058  parts  of  serial  publications  secured  by 
the  Institution  in  exchange,  to  c(»nplete  sets,  were  also  sent  to  the 
Library  of  Congress. 

The  practice  of  sending  foreign  public  documents  presented  to  the 
Institution  to  the  Library  of  Congress  without  stamping  or  entering 
was  continued  during  the  year,  about ^4,389  publications  not  included 
in  any  of  the  foregoing  statistics  having  been  sent  in  that  manner. 

The  office  library  received  as  accessions  347  volumes,  42  parts  of 
volumes,  and  31  pamphlets;  the  Astrophysical  Observatory,  114  vol- 
umes, 38  parts  of  volumes,  and  86  pamphlets;  and  the  National 
Zoological  Park  10  volumes  and  9  pamphlets,  making  a.  total  of  677 
pablications. 

EXCHANGES. 

Efforts  to  establish  new  exchanges  and  to  secure  missing  parts  to 
.  complete  sets  of  publications  in  the  Smithsonian  Library  involved 
the  writing  of  3,000  letters,  and  resulted  in  the  addition  of  about  171 
new  periodicals  and  the  receipt  of  about  2/)58  miqaing  parts  to 
complete  volumes  in  the  Smithsonian  sets. 

New  exchanges  for  the  annual  reports  of  the  American  Historical 
Association  from  the  allotment  set  aside  by  agreement  for  that  pur- 
pose resulted  in  the  acquisition  of  a  number  of  publications  of 
historical  societies  throughout  the  world.  These  were  added  to  the 
Smithsonian  deposit  in  the  Library  of  Congress. 

r;-,:cc.;,C00gIC 
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GENERAL  WOBK  ON  THE  LIBRART. 

As  an  aid  in  determining  the  actual  deficiencies  in  various  sets  in 
the  Smithsonian  deposit  in  the  Library  of  Congress,  a  special  search 
was  made  through  the  Library  of  the  National  Museum  for  volumes 
and  parts  of  volumes  belonging  to  the  deposit,  and  it  is  expected  that 
before  the  Museum  Library  is  moved,  into  the  new  building  prac- 
tically all  that  have  lodged  there  will  have  been  found  and  sent  to  the 
Library  of  Congress  to  be  entered  in  the  proper  records.  In  addi- 
tion, requests  have  been  made  upon  institutions  and  societies  to 
secure  tacking  parts,  with  the  result  that  many  sets  have  been  com- 
pleted. Revised  want  lists  of  French  and  English  publications, 
prepared  at  the  Ijibrary  of  Congress,  were  examined,  and  in  many 
cases  the  publications  were  supplied  by  the  institutions  and  societies. 

The  author  catalogue  for  the  general  series  of  publications  received 
was  continued,  and  the  results  were  all  that  could  be  desired.  Cata- 
logue ctLj^ds  made  for  the  author-donor  catalogue  numbered  10,012. 
Publications  catalogued  comprised  11,194  volumes,  171  new  peri- 
odicals, and  38S  charts.    Of  the  volumes,  1,712  were  recatalogued. 

During  the  year  3,731  parts  of  scientific  periodicals  and  popular 
magazines  and  250  bound  volumes  were  lent  to  readers,  making  a 
total  of  3,981. 

CATALOGUE  OF  SMITHSONIAN  PUBLICATIONS. 

An  analytical  card  catalogue  of  Ihe  publications  of  the  Institution 
to  include  both  author  and  subjept  entries  has  been  begun.  Some  time 
will  yet  be  required  to  complete  the  task,  as  the  cards  under  present 
conditions  can  be  prepared  only  during  intervals  in  the  regular  work 
at  the  cataloguing  and  accession  desks.  Much  thought  was  given  to 
plans  for  the  preparation  of  a  catalogue  of  Smithsonian  publications 
to  be  printed  in  book  form,  which  is  greatly  needed  at  the  present 
time,  but  on  account  of  the  limited  funds  available  for  printing  it  was 
deemed  by  the  secretary  inadvisable  to  undertake  the  work  this  year. 

READING  AND  RErBRENCE  ROOMS.  ' 

A  reBrrangement  of  the  reading  rooms,  to  make  more  space  tor 
readers,  is  in  progress.  The  accession  bopks  are  to  be  placed  in  a  caae 
erected  on  the  west  side  of  the  room,  the  table  in  the  middle  of  the 
room  is  to  be  reduced  in  siee,  one  cataloguer's  desk  is  to  be  transferred 
to  another  room,  and  a  table  with  bins  for  periodicals  is  to  be  placed 
under  the  north  windows. 

The  publications  in  the  reference  room  and  those  in  the  reading 
room  are  now  in  charge  of  one  person. 

ART  ROOM. 

The  contents  of  this  room  were  rearranged  during  the  year  and  pub- 
lications not  directly  relating  to  the  fine  arts  placed  in  the  sectional 
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libraries  of  the  Moseum.  A  Dumber  of  bo(^  on  art  belonging  to  the 
Uarsl)  coUectioD  were  placed  at  the  m&iu  oitrance  to  the  Smithaoniao 
building  in  conjunction  with  the  newly  installed  «zhibitim  smes 
illustrating  the  TarioOB  activities  of  the  Institution. 

EMPLOYEES'  LIBRARY. 

The  total  number  of  loans  from  this  coUeetion  made  during  the 
year  amounted  to  1,800.  Two  hundred  and  twelve  Tolumes  of  peri- 
odicils  were  bound  and  made  available  for  circulation.  A  number  of 
books,  eepecially  selected  for  the  purpose,  were  sent  to  the  Katicual 
Zodogical  Park,  as  in  previous  years.  Only  one  book  was  pur- 
chased and  one  received  as  a  dtmation. 

At  the  time  at  which  this  collection  of  books  was  established  the  • 
facilities  for  (Gaining  reading  matter  of  general  interest  were  quite 
Uinited,  but  with  the  opening  of  the  Washington  Public  Library  they 
were  very  greatly  increased.  In  view  of  the  large  number  of  books 
in  all  branches  of  literature  which  are  now  available  for  readers,  it 
doesjiot  appear  necessary  to  expend  money  in  extending  this  special 
collection. 

LIBRARIES  OF  THE  GOVERNlfGNT  BRANCHE18. 

United  /States  National  Museum — In  previous  reports  reference 
bis  been  made  to  the  congested  condition  of  the  library  of  the  Na- 
tional Museum.  This  was  partly  relieved  in  1911  by  s^arating  out 
duplicates,  for  which  work  temporary  assistants  were  employed  for 
several  months.  The  library  still  remained  somewhat  in  confusion, 
however,  owing  to  the  necessity  of  moving  various  sections  from 
time  to  tinte  to  make  room  for  new  accessiona  These  accessions 
arrived  more  rapidly  than  they  could  be  disposed  of,  and  accumu- 
lated in  unassorted  piles.  The  library  also  suffered  greatly  from 
dust 

Owing  to  the  necessity  of  eKercising  rigid  eocmomy  in  the  adminis- 
tration of  the  Museum  library,  the  present  force  is  scarcely  able  to  do  . 
more  than  keep  pace  with  the  current  routine  work,  which  consists 
of  roistering  accessions,  entering  current  numbers  of  periodicals 
and  transactions  of  scientific  societies  in  the  card-catal(^e,  classify- 
ing new  accessions  in  accordance  with  the  Dewey  decimal  system, 
attending  to  the  wants  of  the  readers  and  those  entitled  to  borrow 
books,  keeping  the  records  of  loans,  and  conducting  the  necessary 
correspondence.  The  very  important  task  of  placing  books  returned 
by  borrowers,  or  new  accessions,  on  the  shelves  is  performed  by  the 
loesenger,  the  dasfflfier,  or  others,  as  they  have  opportimity.  The 
preparation  of  books  for  binding,  which  requires  special  care,  is 
ittoided  to  by  the  assistant  librarian  of  the  Museum  in  the  intervals 
of  other  business. 
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As  the  time  for  removing  &  portion  of  the  library  to  the  new 
Museum  building  was'  ftpproaching,  and  there  se«ned  no  possibility 
of  diverting  the  regular  force  to  the  task  of  putting  the  book- 
stacks  in  order,  the  assistant  aeoretary  in  charge  of  the  Museum,  at 
my  suggestion,  employed  three  temporary  assistants  who  overhauled 
the  entire  contents  of  the  stacks,  thoroughly  dusted  the  shelves  and 
books,  gave  paiticnlar  attention  to  arranging  the  volumes  of  the 
serials  in  exact  order,  and  to  restoring  any  books  that  wwe  out  of 
place  to  their  proper  locations.  At  the  same  time  the  floors  were 
cleaned  and  painted  to  keep  down  dust,  a  few  new  li^ts  were  added 
where  needed,  and  various  minor  repairs  were  made  to  windows, 
ventilators,  etc. 

As  a  result  of  these  activities,  the  Museum  library  at  the  close 
of  the  year,  though  much  crowded,  presented  a  clean  and  orderly 
appearance  throughout,  and  everything  wag  in  train  for  the  trans- 
fer of  a  portion  of  the  books  to  the  new  building  without  confusion 
or  serious  interruption  of  the  regular  woi^. 

As  will  be  learned  from  the  report  of  the  assistant  secretary  in 
charge  of  the  Ifational  Museum,  a  readjustment  of  exhibits,  labora- 
tories, ofGces,  etc,  follows  from  the  completitm  of  the  new  Museum 
building,  and  it  is  the  intention  to  rearrange  the  library  to  suit 
these  new  conditions.  It  is  proposed  to  assemble  all  books  on 
zoology,  paleontology,  geology,  ethnology,  and  archeology  in  the 
new  building.  Books  on  the  arts  and  industries,  technology,  and 
allied  subjects  will  be  assembled  in  the  present  library  quarters  in 
the  old  building.  Books  on  botany  and  those  whose  contents  relate 
to  a  number  of  different  subjects  will  probably  also  remain  for  some 
time  in  the  present  quarters,  though,  as  already  mentioned,  it  is 
hoped  that  Congress  will  soon  make  provision  for  these  and  certain 
Smithsonian  bo(^s,  together  with  the  library  of  the  Bureau  of  Amer- 
ican Ethnology,  in  the  main  hall  of  the  Smithsonian  building. 

At  the  request  of  the  assistant  secretary  of  the  Museum,  the  assist- 
ant librarian  of  the  Institution  and  myself  prepared  definite  plans 
for  the  installation  of  the  portion  of  the  library  already  mentioned 
in  the  new  Museum  building,  in  well-adapted  rooms  on  the  ground 
floor  at  the  northeast  comer.  Contracts  were  made  for  the  metal 
stacks  and  other  fittings,  in  accordance  with  these  plans,  and  at 
the  close  of  the  year  they  were  nearly  ready  for  delivery.  It  is 
expected  that  when  this  equipment  is  finished  the  Museum  will  have 
u  compact,  economical,  commodious,  well-lifted,  and  well-arranged 
library,  installed  in  accordance  with  the  latest  and  most  improved 
methods. 

Many  important  donations  of  books  were  received  by  this  library 
during  the  year,  and  the  following  officers  and  associates  also  pre- 
sented publications:  Dr.  Charles  D.  WalcoU,  Dr.  Theo.  N.  Qfll, 
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Dr.  Edgar  A.  Menrns,  Dr.  WiUiam  H.  DaU,  Mr.  E.  Ridgway,  Dr. 
C  W.  Ejchmond,  Mr.  J.  C  Crawford,  Dr.  O.  P.  Hay,  Dr.  A.  C. 
Peale,  Mr.  W.  R.  Mazoo,  and  Mr.  F.  D.  Millet 

The  Museum  library,  according  to  the  best  statistics  available, 
now  contains  about  42,000  voluroea,  70,000  unbound  papers,  and  122 
manuscripts,  besides  maps,,  charts,  etc.  The  accessions  during  the 
year  consisted  of  1,791  books,  3,608  pamphlets,  and  276  parts  of 
volumes.  Daring  the  same  period  824  books,  960  complete  volumes 
of  periodicals,  and  3,622  pamphlets  were  catalogued. 

Attention  was  given  as  in  previous  years  to  the  preparation  of 
volumes  for  binding.  In  all  643  books  were  sent  to  the  Government 
bindery  during  the  year.  The  binding  is,  however,  still  much  in 
arrears,  and  it  is  hoped  that  more  money  can  be  devoted  to  this 
purpose  in  the  future.  Large  numbers  of  pamphlets  need  card- 
board covers  to  protect  them  from  injury.  Though  the  covers  them- 
selves are  available,  it  is  impossible  with  the  present  force  to  bring 
them  into  use  to  the  extent  required. 

During  the  year  24,815  books,  periodicals,  and  pamphlets  were 
borrowed  from  the  library,  among  them  5,515  obtained  frc«n  the 
Library  of  Congress  and  other  libraries,  and  4^60  were  assigned 
to  tlie  sectional  libraries  of  the  Museum.  The  majority  of  these  sec- 
tional libraries  contain  publicaticms  that  are  constantly  needed  by  the 
several  curators  and  other  officers  in  identifying  and  classifying 
material,  working  up  collections  for  publication,  writing  exhibition 
labels,  etc.,  and  the  books  are  kept  together  as  long  as  required, 
though  any  of  them  may  be  recalled  temporarily  to  the  general 
library  for '  the  use  of  readers.  Similar  collections  of  bodis  on 
museum  administration,  museum  methods,  etc.,  are  kept  in  the  offices 
of  the  assistant  secretary  in  charge  of  the  Museum,  the  administra- 
tive assistant,  the  editor,  and  the  superintendent.  In  all,  31  such 
sectional  libraries  are  now  in  existence,  one  relating  to  textiles  having 
been  added  during  the  year. 

The  records  of  the  Museum  library  consist  of  accession  book  and 
an  author  catalogue,  a  periodical  record,  and  a  lending  record  in 
card  form.  The  lending  record  includes  books  borrowed  trom  the 
Library  of  Congress  and  fnHu  other  libraries  for  the  use  of  the 
Museum  staff.  _     '" 

Correspondence  relative  to  new  excha''  '' or  this  reason,  parts  of 
serial  publications  already  in  the  Museui'^^^  "'*'■  "'^  ^^^^Pned  on  as 
in  previous  years.    A  number  of  new  titles'v^  ^""^  °^^'6y  this  means. 

Bureau  of  American  Ethnology. — ^The  rep*"**  "'this  library  will 
be  made  by  the  ethnologist  in  charge  and  incol^^ited  in  hia  general 
report  on  the  operations  of  the  bureau.  *^ 

Aatrophysical  Ohservatory. — Owing  to  lack  of  room  in  the  office 
of  the  observatory,  a  part  of  the  Ikx^  belonging  to  this  library  have 
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been  kept  in  tlie  ^nithaonian  building.  During  the  year  this  latter 
portion  was  transferred  trom  one  of  the  tower  rooms  where  it  was 
difficult  of  access  to  the  southwest  gallery  in  the  main  hall  of  the 
building.  Addititns,  comprising  114  voliunes,  38  parts  of  volumes, 
and  86  pamphlets,  were  received  during  the  year. 

National  Zoological  Park. — To  tiiis  small  reference  library  of 
zoological  publications  relating  to  the  work  of  the  park  10  volumes 
and  9  pamphlets  were  added  during  the  year. 

Swrwnary  of  acceteioM. — The  following  statement  sunimarizes  all 
the  accessiwis  for  the  year,  except  the  Bureau  of  American  Eth- 
nology, which  is  administered  separately : 

Smltbsonlan  deposit  in  the  Library  ot  Congress 21.683 

SmItbsoDian  office,  Astropbyslcal  OtMervatory,  National  Zoological  Park, 

and  Intemattoaal  Bxcbange  S^rlce BTT 

United  States  National  MnMum 6,675 

Total 28.<«1 

Very  respectfully, 

F.  W.  True, 
Aseiatant  Secretary,  in  charge 

of  Library  and  Exchanges. 
Dr.  Chables  D.  Walcott, 

Secretary  of  the  Smithaonian  Institution. 
October  9, 1912. 
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REPORT  ON  THE  IKTERNATIONAL  CATALOGUE. 

SiE :  I  have  the  hcmor  to  submit  the  following  report  on  the  oper- 
ations of  the  United  States  Bureau  of  the  International  Catalogue 
of  Scientific  Literature  toe  the  year  ending  June  30,  1912 : 

The  International  Catalogue  of  Scientific  Literature  is  an  organi- 
zation consisting  of  82  regional  bureaus  representing  the  principal 
countries  of  the  world.  Control  over  the  entire  enterprise  is  vested 
in  an  international  c(mventi<m  which  meets  at  regular  stated  inter- 
vals. The  regional  bureaus  supply  to  a  central  bureau  in  London 
classified  index  citations  to  the  scientific  literature  published  within 
their  several  regions. 

The  duties  of  the  central  bureau  consist  in  editing  and  publishing 
the  citations  thus  forwarded.  The  published  catalogue  ccxnprises 
17  annual  Tolumee,  one  iot  each  of  t^e  following-named  subjects: 
Mathematics,  mechanics,  physics,  chemistry,  astronwny,  meteorology, 
mineralogy,  geology,  geography,  paleontology,  general  biology,  bot- 
any, zoolc^,  anat(Hny,  anthropology,  physiology,  and  bacteriology. 
Each  country  cooperating  supports  its  own  regional  bureau,  this  sup- 
port in  most  cases  being  in  the  form  of  direct  governmental  grants. 
The  maintenance  of  the  central  bureau,  which  bears  the  cost  of  editing 
and  publishing  the  catalogue,  is  dependent  on  the  funds  received 
frran  the  sale  of  the  published  volumes. 

The  Koyal  Society  of  London  has  stood  financial  sponsor  for  the 
enterprise  since  the  beginning  of  the  undertaking  in  1901,  and  it  has 
been  through  the  generous  financial  assistance  of  this  body  that  the 
publication  of  the  work  has  been  possible. 

The  organizatitm  has  now  been  at  work  over  10  years,  and  the 
published  results  have  met  the  exacting  requirements  of  a  classified 
index  to  the  vast  scientific  activities  of  the  day ;  but  the  price  of  the 
work  to  subscribera,  although  below  the  cost  of  publicaticHi,  is  so 
Urge  that  its  usefulness  is  greatly  limited.  For  this  reason  a  perma- 
nent endowment  is  urgently  needed  in  order  that  the  central  bureau 
may  have  a  fixed  income  independent  of  the  sum  derived  friwi  the 
sale  of  the  published  volumes.  It  is  believed  that  if  such  an  endow- 
ment could  be  obtained  the  cost  of  the  catalogue  could  be  reduced 
possibly  to  <me-half  its  present  subscription  price,  which  is  $85  per 
year.    This  reducti<Mi  in  price  would  undoubtedly  largely  increase 


jc  by  Google 


100  ANNUAL  BBPOBT  SMITHSONIAN  INSTITUTION,  1012. 

the  sales,  and  as  a  larger  edition  of  the  work  would  cost  compar- 
atively  little  more  than  the  present  limited  edition  any  increase  in 
the  demand  would  approximately  be  clear  profit  to  the  central 
bureau. 

This  result  is  not  only  desirable  from  a  financial  standpoint  but 
also  because  it  is  believed  that  this  international  index  to  scientific 
literature,  whose  scope  is  now  limited  to  pure  science,  is  but  a  b^in- 
ning  to  what  will  eventually  be  an  international  index  to  not  only 
the  pure  but  also  to  the  applied  sciences..  This  will  mean  that  the 
organization  will  ultimately  furnish  classified  citations  to  the  origi- 
nal literature  of  many  of  the  professions,  arts,  and  trades  whose 
practices  and  methods  are  now  much  interwoven  with,  and  dependent 
on  the  advance  of  pure  science. 

The  appropriation  made  I^  Ctmgress  for  the  maintenance  of  the 
regional  bureau  for  the  United  States  during  the  year  wbh  $7,600, 
this  being  the  same  sum  that  was  appropriated  for  the  previous  year. 
Five  persons  are  regularly  employed  in  this  bureau  in  collecting,  m~ 
dexing,  and  classi^ing  the  scientific  literature  published  in  the 
United  States. 

The  practice  of  having  the  more  technical  scientific  papers  referred 
for  analysis  and  classification  to  ^>ecia]ist5  in  the  subjects  treated 
has  been  found  very  satisfactory  and  is  now  carried  on  to  the  ex- 
clusion of  the  former  practice  of  corresponding  with  the  authors  of 
the  papers,  for  it  was  found  that  to  cfnrespond  and  advise  with 
authors  necessitated  much  clerical  labor  and  often  caused  long  delays 
in  obtaining  the  information  sought. 

During  the  year  27,201  cards  were  sent  from  this  bureau  to  the 
Lond(Hi  central  bureau  as  follows : 
Literature  ot— 

1003 4 

1904 aa 

1906 386 

190C ^        662 


1907 1,480 

1903 1,M8 

1909 3,372 

IfllO "- B.  231 

lai 13,974 


Since  the  bureau  was  established  in  1901,  262,335  cards  have  beoi 
forwarded  to  the  central  bureau. 

The  following  table  shows  the  number  of  cards  sent  cadi  year  as 
well  as  the  number  of  cards  representing  the  literature  of  each  year 
from  1801  to  1911,  inclusive. 
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11,994 
1.888 
^373 

K,ae3 

38,010 
37,301 

IMl 

4,883 
8,331 

13,97* 

ToW... 

19,104 

a.m 

»,jm 

»,14! 

M,W 

!e,M3 

n.ooi 

M,380 

r" 

11. 9U 

13,974 

383,338 

During  this  time  the  London  central  bureau  had  received  from  all 
of  the  32  bureaus  cooperating  in  the  production  of  the  Intematiooal 
Catalogue  a  total  of  2,05d,036  cards,  and  as  262^35  of  these  repre- 
sented the  cards  recslved  from  the  United  States,  it  will  be  seen  that 
about  IS  per  cent  of  the  work  has  been  done  by  the  regional  bureau 
foe  the  United  States.  All  of  the  Srst  eig^t  annual  issues  of  the 
catalogue,  consisting  of  17  volumes  each,  hare  been  published,  together 
with  15  volumes  of  the  ninth  annual  issue  and  4  volumes  of  the  tenth 
annual  issue,  making  a  total  of  155  volumes  of  the  regular  catalogue. 

Following  an  established  policy  to  consolidate  the  catalogue  when- 
ever possible  with  similar  enterprises,  an  agreement  has  been  made 
with  the  International  Seismological  Association  whereby  the  yearly 
International  Catalogue  volume  on  geology  will  be  enlarged  and  the 
section  "  Internal  dynamics,"  containing  an  index  to  seismology,  be 
published  not  only  as  a  regular  part  of  the  International  Catalogue, 
but  also  separately  for  the  use  of  the  International  Seismological 
Association. 

It  is  a  matter  of  regret  that  this  bureau  is  not  yet  able  to  afford  the 
expense  of  issuing  cards,  in  advance  of  the  regular  published  vol- 
umes, for  the  immediate  use  of  persons  desiring  prompt  notice  of 
papers  appearing  on  any  of  the  subjects  embraced  within  the  scope  of 
the  work.  Plans  having  this  object  in  view  have  been  under  con- 
sideration for  some  time,  but  as  yet  the  necessary  funds  are  not 
available  for  the  purpose.  It  is  ntk  intended  to  issue  cards  in  place 
of  annual  volumes,  but  to  distribute  classified  index  cards  as  soon  as 
a  paper  is  published,  for  the  immediate  information  of  those  interested 
in  the  advance  of  science. 

Very  respectfully,  yours, 

Leonard  C.  Gdmnell, 

AasUtant  in  Charge, 

Dr.  Chablxs  D.  Waloott, 

Secretary/  of  the  SmitAtotUan  Institution.  ^ 
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REPORT  ON  THE  PUBLICATIONS. 

Sir  :  I  hare  the  honor  to  submit  the  following  report  on  the  pub- 
lications of  the  Smithsonian  InstitutitMi  and  its  branches  durinfi;  the 
fiscal  year  ending  June  30,  1912: 

The  Institution  has  published  one  memoir  of  the  "  Smithsonian 
Cmtributions  to  Knowledge,"  35  papers  of  the  **  Smithsonian  Mis- 
cellaneous Collections,"  and  one  annual  report.  There  were  also 
issued  by  the  Bureau  of  Ethnology  1  annual  report  and  2  bulletins, 
and  by  the  United  States  National  Museum  53  miecellaneous  papers 
of  the  Proceedings,  3  bulletins,  and  5  parts  of  volumes  pertaining  to 
the  National  Herbarium. 

SMITHSONIAN  CONTBIBUTIONS  TO  ENOWLBXKia. 

qUABTO. 

194S.  Langley  meinotr  on  mecbanlcal  flight  Part  I.  1S87  to  1806,  bj  Sama^ 
Pterpont  Langlef,  edited  by  Qiarles  M.  ManU^.  Part  IT,  1897  to  1903,  b; 
Cbarles  M.  Uanlr.  Published  August  IS,  1911.  Pages  1  to  z,  320,  wltb  101 
plates.    Vol.  27,  No.  3. 

SUITHBONIAN  MISCELLANEOUS  COLLECTIONS. 


In  the  series  of  Smithsonian  Miscellaneous  Collections  there  were 
published  (1)  17  papers,  cover  and  preliminary  pages  for  volume 
66;  (2)  4  papers  of  volume  57;  and  (8)  14  papers  of  volume  59,  as 
follows : 

2014.  Cambrltiu  geolog?  and  paleontologr.    II.    No.  6:   Middle  CntrArlan  An- 
nelids.   By  Cbarles  D.  Walcott    Publlebed  September  4,  1911.    Pages  109  to 

144.    Plates  18  to  23.    Vol.  [>7,  No.  D. 
3015.  Description  ol  a  new  genus  and  species  of  hummingbird  from  Panama. 

By  B.  W.  Nelson.    Published  July  8,  Iflll.    Pages  2.    Vol.  B6,  No.  21. 
2001.  Caudtrlan    geology    and    paleontology.    II.    No.    6 :    Middle    Cambrian 

Branchlopoda,  Malacostraca,   Trllobitti,  and  Merostomata.    By   Charles  D. 

Walcott    Published  SIsrch  13,  1912.    Pages  145  to  228.  wltb  unpaged  index. 

Plates  24  to  34.    Vol.  G7,  No.  6. 
20C3.  Two  new  subspecies  of  birds  from  Panama.     By  B.  W.  Nelson.    Pnb- 

Ilshed  September  7,  1911.    One  page.    Vol.  ce,  No.  22. 
20G4.  On  Psomlocarpa,  a  neglected  genus  of  (ema    By  Dr.  H.  Christ,  Basel. 

Published  Nov«nber  21.  1011.    Pages  4.    Plate  1.    Vol.  66,  No.  23. 
20GC.  A  remarkable  new  fern  from  Panama.    By  William  R.  Msxon.    Pab- 

Ushed  Norember  22, 1811.    Pages  5.    Plates  8.    VoL  66,  No.  24. 
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20G6.  DeacrlpQcHiB  of  Bereo  new  African  graas-warblen  ot  the  genus  (^BticoU. 

By  Edgar  A.  Mnms.    Pnblldwil  Norembo-  28.  1911.    Pages  6.    VoL   SB, 

No.  25- 
2068.  A  new  klngflsber  (rom  Psnamo.    By  D.  A.  Ooldman.    PabUilwd  Docein- 

ber  1, 1911.    Pages  2.    Vol.  66,  No.  27, 
20S9.  Description  of  a  new  qiecles  of  sanblid,   Hellonymplia  ;aln^,  from 

tMOeh  East  Africa.     By  Edgar  A.  Meams.    Pnbllsbea  Novonber  28,  1811. 

Oue  iiage.    Vol.  S6,  No.  28. 
2062.  Bbur   new    manunals   from    tbe    Canadian    BocUes.    By    N.    HolUster. 

Pnbllsbed  December  5,  1911.    Pages  4.     Vol.  se.  No.  26. 
2064.  Three  new  club  mosses  from  Panama.    By  Wiillam  R.  Maxon.    Pub- 
UBhed  January  8,  1012.    Pages  4.    Platen  4.    Vol.  66,  No.  20. 

2066.  A  new  snbspeciee  of  Ptarmigan  from  the  Aleutian  Islands.  By  A.  C. 
Bent    Publldwd  January  6, 1912.    Pages  2.    Vol.  H,  No.  30. 

2067.  B^iort  on  an  InTesttgatton  of  the  geologicai  stmctnre  of  tbe  A^ps.  By 
Bailey  Willis.    PobltsheiJ  February  7,  1912.    Pages  IS.    Vol.  66,  No.  81. 

2068.  Notes  on  birds  observed  dnrlng  a  brief  visit  to  the  Aleutian  Islands  and 
Bering  Sea  In  1911.  By  A.  C.  Bent  Pnbll^ed  February  12,  1012.  Pages 
29.    Vol  56,  No.  32. 

2069.  ^liree  new  plants  fnsn  ADierta.  By  Paul  C.  Btandley.  Published  Fri>- 
raary  7, 1812.    Pages  3.    VoL  56,  No.  33. 

2070.  A  new  leather  flower  from  lillDcrffl.  By  Paul  0.  Standi^.  Pnbllsbed 
February  7, 1912.    Pages  3.    Plate  1.    Vol.  56,  Na  84. 

2071.  The  natives  of  Kbarga  Oasla,  Egypt  By  Aleg  HrdllSka.  Published  April 
15,  1812.    Pages  lia    Plates  3a    Vol.  60,  No.  1. 

2072.  New  mammals  from  Canada,  Alaska,  and  Kamchatka.  By  N.  Hollister. 
Publlahed  F^ruary  7,  1912.    Pages  S.    Plates  3.    Vol.  S6,  No.  35. 

2073.  Descriptions  of  twelve  new  species  and  Bub9)ecles  of  mammals  from 
Panama.  By.  E.  A.  Goldman.  Published  February  19,  1912.  Pages  U. 
Vol.  56,  No.  38. 

2074.  Descriptions  of  two  new  species  of  nos  birds  from  Panama.  By  E.  W. 
Nelson.    Published  February  16,  1912.    Pages  2.    Vol.  56.  No.  37. 

2075.  Cambrian  geology  and  palcoDti>loKr.  II.  No.  7:  Cambro-OrdovidaD 
boundary  in  British  Columbia,  with  description  of  toeslls.  By  Charles  D. 
Walcott  Published  March  S,  1912.  Pages  229  to  237.  Plate  35.  Vol. 
67,  No.  7. 

2076.  Cambrian  geology  and  paleontol(«y.  II.  No.  8:  The  Sardinian  Cambrian 
genus  OlenopalB  In  America.  Published  March  8,  191Z  Pages  238  to  249. 
Plate  3a    Vol.  67,  No.  S. 

2077.  New  species  of  fossil  shells  from  Panama  and  Costa  Rica.  Collected  by 
D.  r.  UacDonald.  By  William  Healey  DaU.  Published  March  2,  1012. 
Pages  la    Vol.  59,  No.  2. 

207S.  Descrlptlcm  of  a  new  BubspccleB  of  monkey  from  British  Bast  Africa. 
By  N.  Hollister.    Published  March  2,  1912.    Pages  2.    Vol.  58.  No.  3. 

2079.  Descriptions  of  new  genera  and  species  of  mlcrolepldoptera  from  Panama, 
By  August  BuBck.  Published  Martdi  »,  1912.  Pages  10.  Rate  1.  Vol. 
09,  No.  4. 

2080.  New  genus  and  species  of  hymcnopto^  of  the  family  Braconlde  from 
Panama.  By  H.  L.  Vlereck.  Published  March  9,  1912.  Pages  2.  Vol. 
59,  No.  5. 

2081.  The  genera  of  fossil  whalebone  whales  allied  to  Bal«enoptera.  By  Fred- 
cridE  W.  True;    Published  April  3,  1912.    Pages  8.    Vol.  69,  Na  9. 
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2062.  ObflervaUone  oo  the  babltfi  of  ttie  cruatacean  Emerlta  aoBloga.    By  Fnnk 

Walter  Weymoutli  and  Cliarles  Howard  Blctutrdson,  Jr.    PabUdied  May  10, 

1S12.    Pages  13.    Plate  1.    Vol.  D9,  No.  7. 
208S.  Hamilton  lectiire.     lafection  and  leeoreiT  from  Infection.     By  Simon 

Flexner,  M  D.    Published  May  29, 1B12.    Pages  14.    Plates  S.    Tol.  fid.  No.  8. 
208S.  Natloniil  Zootogtcal  Park.    Notea  on  animals  now.  or  recently,  living  In 

the  NaUonal  Zoological  Park.    By  A.  ~B.  Baker.     Published  Uay  17,  1912. 

Pages  3.    Plate  1.    Vol.  69.  No.  9. 
9086.  National  Zoological  Park,    rnrther  notes  on  the  breeding  of  the  Aniraican 

black  bear  In  capUvlty.    By  A.  B.  Baker.    Published  May  17,  191Z    Pages  4. 

Vol.  69.  Na  10. 
2088.  Bawflles  trraa  Panama,  with  descriptlanB  of  new  genera  and  species.    By 

S.  A.  Rohwer.    Publlidwd  May  18,  1912.    Pages  6.    Vol.  fi»,  No.  12. 

2090.  New  decapod  crustaceans  from  Panama.  By  Mary  J.  Bathbnn.  PnblUtod 
May  20.  1912.    Pages  3.    Vol.  69,  No.  IS. 

2091.  Smithsonian  Mlscellaneons  Collections.  Oorer  and  pr^lmlnary  pages  for 
Tolnme  66.    Pages  1  to  tII. 

2092.  R^mrt  on  landshcjls  collected  In  Peru  In  1911  by  the  Yale  expedition 
nnder  Prof.  Hiram  Bingham,  with  descriptions  of  a  new  subg^ms,  a  new 
q^edea,  and  new  varieties.  By  William  Bealey  Dall.  Publlahed  Jooe  8, 
1912.    Pages  12.    Vol.  59,  No.  14. 

S093.  Names  of  the  large  wolves  of  northern  and  western  North  America.  By 
Gerrlt  S.  Miller,  Jr.     Published  June  8,  1912    Pages  6.    Vol.  50.  No.  15. 

The  following  papers  of  the  Smitlisonian  Miscellaneous  Collec- 
tions were  in  press  at  the  close  of  the  year: 
1987.  Bibliography  of  the  geology  and  mineralogy  of  tin.     By  Frank  L.  and 

Bra  Hess.    Pages  1  to  v,  408.    Vol.  63,  No.  2. 
2087.  Expeditions  organized  or  participated  In  by  the  Smithsonian  Instltation 

in  1910  and  1911.    Pages  51.    Plate  1.    Figs.  66.    Vol.  60,  No.  11. 
2094.  New  rodents  from  British  East  Africa.    By  Eldmund  Heller.    Pages  20. 

Vol.  60,  No.  16. 

2133.  New  diptera  from  Panama.    By  J.  R.  Halloch.    Pages  8.    Vol.  60,  No.  17. 

2134.  New  apeclM  of  landsbella  from  the  Panama  Canal  Zone.  By  William  H. 
Dall.    Pages  3.    Plates  2    Vol.  60,  No.  18. 

SMITHSONIAN  ANNUAL  BEPOBTS. 

The  Annual  Report  of  the  Board  of  Regents  for  1910  was  published 
in  January,  1&12. 
20S0.  Annual  Rc^rt  of  the  Board  of  Regents  of  the  Smithsonian  Institution, 

allowing  operations,  expenditures,  and  condlHoDS  of  the  Instltntloa  for  the 

year  ending  June  30,  1910.    Octavo.    Pages  I  to  vli,  688.    Plates  120  and  1 

map.    Containing  publications  2001,  2002,  and  2010-2040. 

Small  editions  of  the  foUowing  papers,  forming  the  general  ap- 
pendix of  the  Annual  Report  of  the  Board  of  Regents  for  ISIO,  were 
issued  in  pamphlet  form : 
201B.  MeMIIe  Weston  Puller,  1833^1010,  by  Charles  D.  Walcott.    Pages  113-123. 

with  1  plate. 
2017.  OmameatatlQn  <rf  rugs  and  carpetiv  by  Alan  8.  Colei    Pages  125-144,  wltb 

e  plates. 
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2018.  Recent  pr<VT»B  in  aviation,  by  Octave  CSianute.     Pages  145-107,  with 
19  plates. 

2019.  ProgreBS  In  reclamation  of  aUd  landa  In  tbe  western  United  Stutea,  bj 
F.  B.  NevtiL    Pages  16^108,  wlUi  12  platea. 

2020.  Electric  power  from  tbe  Mlaalsslppl  Elver,  by  Cbeater  M,  Clarlc     Pages 
190^10,  with  S  platea 

2021.  Safety  provleloiie  in  tbe  United  States  Stee)  Corporation,  by  Darld  S. 
Beyer.    Pages  211-220,  with  11  platea 

2022.  Tbe  Insolation  of  an  ion,  a  pre<!l8]<»i  meaBorNiiait  of  Its  cbarge,  and  tbe 
correction  of  Stokes's  Law,  by  R.  A.  UlJUkan.    Pages  231-3D6. 

2023.  Tbe  telegropliy  of  pbotograpbB,  wireless  and  by  wire,  by  T.  Tborae  Baker. 
Pages  307-274,  wltb  2  platea. 

2024.  Modem  Ideas  on  tbe  consUtntioa  of  matter,  by  Jean  Becqaerel.    Pages 
276-290. 

202Ii.  Some  modem  developments  in  metbods  of  testing  ^^loslves,  by  Cbarles  B. 

Unnroe.    Pages  201-306,  with  12  plates. 
202a  Sir  William  Ilueelns,  by  W.  W.  Campbell.    Pages  307-317,  wltb  1  plate. 

2027.  Tbe  solar  coustant  of  radiation,  by  C.  G.  Abbot    Pages  319-328. 

2028.  Astronomical  problems  of  tbe  Soutbem  Hemlspbere,  by  Heber  D.  Cortls. 
Pages  320-S4a 

2020.  The  progressive  dlaclosure  of  tbe  entire  atmosphere  of  tbe  son,  by  Dr.  H. 
Deslandiea    Pages  841-KEa,  with  4  plates. 

2030.  Recent  progress  In  astrophysics  In  the  [JnlLed  States,  by  J.  Bosler.    Pages 
367-370,  with  8  plates. 

2031.  Tbe  future  habltablllty  of  the  earth,  by  Thomas  Cbrowder  Chamberlin. 
Pages  371-380. 

20^  What  is  terra  flrinaT    A  review  of  current  research  In  Isostasy,  by  Bailey 

WlUls.    Pages  391-406,  with  3  pUtes. 
aaS3.  Tronqilratlon  and  tbe  aaceit  of  sap,  by  Heniy  H.  Dtxon.    Pages  407-'12&. 
2084.  The  sacred  ear-flower  of  the  Aztecs,  by  WlUlain  Edwin  SafFord.     Pages 

427-431,  with  1  plate. 

2035.  Forest  preservaUou,  by  Henry  8.  Graves.    Pages  433-440,  with  7  plates. 

2036.  Alexander  Agasslx,  1836-1910,  by  Alfred  Ooldsborough  Mayer.     Pages 
447-472,  with  1  plate. 

2037.  Recent  work  on  the  determlnatlMi  of  sex,  by  Leonard  Dcnicaster.    Pages 
473-486. 

2038.  Tbe  Blgnlflcance  of  the  pulse  rate  in  vertebrate  animals,  by  Florence 
Buchanaa    Pages  4S7-G06. 

2030.  The  natural  history  of  the  solitary  wasps  of  the  genus  Synagrls,  by  K. 
Rouband.    Pages  607-C26,  with  4  plates. 

2040.  A  contribntion  to  tbe  ecology  of  the  adnlt  Hoataln,  by  C.  William  Benite. 
Pages  SSn-MS,  wltb  7  plates. 

2041.  Migration  of  the  Paclflc  plover  to  and  from  tbe  Hawaiian  Islands,  by 
Henry  W.  Henshaw.    Pages  646-569. 

2042.  Tbe  plumages  of  the  ostrich,  by  Prof.  J.  E.  Dnerden.    Pages  661-671,  with 
8  plates. 

2043.  Manifested  life  of  tiBsaes  ontslde  of  the  orgaulBm,  by  AlexU  Carrel  and 
MontrcMe  T.  Burrows.    Pages  673-682. 

2044.  The  origin  of  Dmldlsm.  by  Jnlins  Pokomy.    Pages  6SS-697. 

2046.  Geographical  and  statistical  view  of  tbe  ccmtemporary  Slav  peoides,  by 

Lnbor  NIederle.    Pages  ESee-612,  with  colored  m^. 
SOiS.  The  cave  dwellings  of  the  Old  and  New  Worids,  by  J.  Walter  Pevtes. 

Pages  6ia-634.  with  11  plates. 
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2M7.  Tbe  origin  of  West  African  craoabowB,  by  'Baarj  Balfoor.    Pagas  63fi-600; 

with  1  ptete. 
204&  SanltatloD  on  tmnaa,  by  Allen  W.  Tnaoaa.    Pages  661-6S7. 
2Md.  Epldaniology  of  taberculoeifl,  by  Bobert  Koch.    Pagea  666-674. 

The  report  of  the  executive  committee  and  Proceedings  of  the 
Board  of  Regents  of  the  Institution,  as  welt  as  the  report  of  the 
secretary,  for  the  fiscal  year  ending  June  30, 1911,  both  forming  part 
of  the  annual  report  of  the  Board  of  Begents  to  Congress,  were  pub- 
lished in  pamphlet  form  in  December,  1911,  as  follows: 

2061.  Report  of  tbe  execntlve  committee  and  Proceedings  of  the  Board  of 
fiegoits  fur  tbe  year  ending  June  30^  IBIL    Pages  19, 

S06I>.  Beport  of  tbe  secretary  of  tbe  Smltbaonlan  lOBtltntlou  for  tbe  year  end- 
ing June  30, 1011.    Pagea  91. 
The  general  appendix  to  the  Smithsonian  Beport  for  1911  was  in 

type,  but  actual  presswork  could  not  be  completed  before  the  close 

of  the  fiscal  year.     In  the  general  appendix  are  the  following  papers: 

Tbe  gyrostadc  compass,  by  H.  Marcband. 

Radlotel^rapby,  by  G.  Marconi. 

Mnltlplex  telephony  and  telegraphy  by  meani  of  electric  waves  guided  by  wina, 
by  Qeorge  O,  Sqnier. 

Recent  ezperimentB  wltb  Invisible  light,  by  R.  W.  Wood. 

What  ^ectrvcbemlstry  Is  accmnpllriilng,  by  Jofi^b  W.  ^chards. 

Ancient   and    modem    vtewB   regarding   tbe   chemical    elements,   by    WllUam 
Ramsay. 

Tbe  fundamental  properties  of  tbe  elements,  by  Theodore  William  Rlctaarda 

The  prodnctloD  and  tdentlflcatloB  of  arttflctal  preclons  stones,  by  Noel  Heaton. 

Tbe  sterlllzatlmi  of  drlDklng  water  by  ultra-riolet  radiations,  by  Jules  Oonr- 
mont 

The  legal  time  In  various  countries,  1^  U.  PhlUppot 

Some  recent  Interesting  developments  In  astronomy,  by  J.  8.  Plaskett 

The  age  of  tbe  eartli,  by  J.  Joly. 

International  air  map  and  awonauttcal  marks  by  Ch.  Lallemand. 

Geologic  work  ol  ants  in  tropical  America,  by  J.  C.  Branner. 

On  the  valne  of  the  fomll  floras  of  the  arctic  regions  as  evidence  of  geological 
cUmatee,  by  A.  Q.  Nathorst 

Recent  advances  tn  onr  knowledge  of  the  mrtliictlon  of  light  by  living  organ- 
isms, by  F.  Alex,  McDermott. 

Organic  evolution ;  Darwinian  and  de  Triaslas,  by  N.  0.  Hacnamara. 

Magnalta  nature :  or  the  greater  problems  of  biology,  by  D'Arcy  Wmtworth 
Thompson. 

A  history  of  certain  great  homed  owls,  by  Charlea  B.  Eeyea. 

Tbe  passenger  ptgeon,  by  Pehr  Kalm  (17S9),  and  John  James  Audubon  (18S1>. 

Note  on  tbe  lridesc«it  colors  of  birds  and  insects,  by  A.  Mallock. 

On  the  posltiMiB  BMtnned  by  birds  In  fll^it,  by  Bentley  Beetham. 

The  garden  of  serpents,  Botantan,  BrasU,  by  S.  Posat. 

Some  usefnl  native  plants  ftam  New  Uexico,  by  Paul  C,  Standley. 

The  tree  ferns  of  North  America,  by  WilUam  R.  Maxmi. 

The  value  of  ancIeDt  Mexioan  mannacripCs  in  the  study  of  the  gaienl  develop- 
ment of  writing,  by  AUnd  H.  Tocsar. 
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The  dlscoreiers  of  Uie  art  oC  Iron  DUtaQfactnie,  by  W.  Bslck. 

Tbe  Kabyles  of  north  Africa,  b;  A.  Llasauer. 

Chinese  architecture  and  its  relation  to  Chinese  culture,  by  Ernst  Boerachmami. 

Tbe  IiO]o»  of  KtentclisDf,  western  Chfna,  bj  A.  F.  Legendre. 

The  physiology  of  Bleep,  by  R.  Ijegendre. 

Profltable  and  fniltleas  Itnes  of  endeavor  in  public  health  work,  by  Bdwln  O. 

Jordan. 
Factory  sanitation  and  effldeocy,  by  G.-B.  A.  Wlnslow. 
The  pbytdologlcal  influence  of  ozone,  by  l^eonard  Hill  and  Martin  Flact. 
Traveling  at  high  apeeda  on  tlie  aurface  of  the  earth  and  atwve  It,  by  H.  S. 


Robert  Eoch,  lS4a-1910,  by  a  J.  M. 

Sir  Joseph  Dalton  Hooker,  1817-1911.  by  I.leuL  Col.  D.  Praln. 

SPECIAI^   PUBLICATIONS. 

The  following  special  publications  were  issued  in  octavo  form,  dur- 
ing the  year : 
2013.  Oplnlona  rendered  by  tbe  International  CommiaBlon  on  Zoological  N<niun- 

clatnre.    Opinions  30-37.    Published  Jnly,  1911.    Pages  68-88. 
2060.  Oplnlona  rendered  by  the  Intematlonnl'  Commission  on  Zooloelcal  Nomm- 

clatnre.    Opinions  3S-GI.    Published  Tebruarj,  1912.    Pages  SS-117. 
20SZ.  Claaalfled  list  of  Smithsonian    Publications  available   for  distribution. 

Jannai^  1912.    Pubiiehed  January,  1012.    Pages  vl,  29. 
2084.  PnblicationB  of  tbe  Smithsonian  Institution  issued  between  January  1, 

and  April  1,  1912.    One  page. 
A  atngie  folder,  containing  map  showing  Smtttisonlan  and  National  Museum 

buildings,  and  Information  pertainlog  thereto. 

There  were  no  special  publications  in  press  at  the  close  of  the  year. 

PUBLICATIONS  OF  THE  UNITED   STATES   NATIONAL  MDSBDM. 

The  publications  of  the  National  Museum  are:  (a)  The  annual 
report  to  Congress;  (b)  the  proceedings  of  the  United  States  Na- 
titmal  Mnseum,  and  (c)  the  Bulletin  of  the  United  States  National 
Museum,  which  includes  the  contributions  from  the  United  States 
National  Herbarium.  The  editorship  of  these  publications  is  vested 
in  Dr.  Marcus  Benjamin. 

The  publications  issued  by  the  National  Museum  during  the  year 
comprised  the  annual  report  for  1911;  papers  1S18,  1883,  1856  to 
1879  of  volume  41,  Proceedings;  papers  1880  to  1906  of  vcdume  42, 
Proceedings;  three  bulletins  and  five  parts  of  Contributions  from 
tbe  National  Herbarium. 

"The  bullelins  were  as  follows : 
No.  30,  Part  B.  Birds  of  North  and  Middle  AmMlea,  by  Kobert  Bldgway. 
No.  77.  The  early  Paleosolc  Bryoeoa  of  the  Baltic  Prorlncea,  by  Bay  8.  Baadv. 
No.  78.  Catalogue  of  a  atiection  of  art  objecta  from' the  Freer  Collection  ex- 

Ublted  In  the  new  building  of  tbe  Natloual  HusenuL 
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In  the  series  of  Contributions  from  the  NatitHial  Herimrinm  (oc- 
tavo) there  appeared : 
Vol.  IS,  Part  U.  Tbe  AliloBlacete  of  Uezlco  and  Oottnl  America,  by  Paid 


Tol.  13,  Fart  12.  New  or  aoteworOty  plants  trom  Colombia  and  Omtral  i 

by  Ueary  Ffttler. 
Vol.  14,  Part  3.  Tbe  Orama  KTawes:  Boatelona  and  related  gea^u,  by  David 

Orlffltlu. 
Tol.  16,  Part  I.  Mlecellaneous  paperB,  by  William  B.  Maxmi,  J.  N.  Rose,  Fanl 

Standley,  and  E.  S.  WIlUamB. 
ToL  le,  Part  2.  Studies  of  Tropical  American  Feme,  by  William  B.  Mazoo. 

There  were  also  published  in  completed  form  Tolames  39, 40,  and  41 
of  Proceedings,  and  a  new  edition  of  Bulletin  39,  Part  N. 

PUBLICATIONS  OF  THE  BUREAU  OF  AMERICAN  ETHNOLOGY. 

The  publications  of  the  bureau  are  discussed  elsewhere  in  the  Sec- 
retary's report.  The  editorial  work  is  in  the  charge  of  Mr.  J.  O. 
Gurley. 

One  annual  report  and  two  bulletins  were  issued  during  the  year, 
as  follows : 

Twenty-Beveath  Aniinal  Report,  comprising  the  admlnlstratlTe  r^Mrt  for  tbe 
year  ending  June  SO,  1906,  and  a  paper  entitled  "Tbe  Omaba  Tribe,"  by  Alice 
C.  Fletcher  and  Francis  l^  Fleacbe.  Published  1911.  Royal  octavo.  Paces 
1  to  8T2,  with  65  plates  and  132  figures. 
Bulletin  47.  A  dictionary  of  tbe  Blloil  and  Ofo  Languages,  witb  thirty-one 
BIlozl  texts  and  unmeroas  Blloxl  phrases,  by  James  Owen  Dorsey  and  John 
B.  Swanton.  Published  1912.  Octaro.  Pages  1  to  v,  310. 
Bnlletlu  40.  List  of  publications  of  the  Burean  of  American  Ethnology.  Pub- 
lished Iftll.    Octavo.    Pages  1  to  34. 


There  were  no  new  publicatitms  issued  by  tbe  Astroj^ysical  Ob< 
servatory  during  the  year. 

PUBUCATIONS  OF  THE  AMERICAN  HISTORICAL  ASSOCIATION. 

The  annual  reports  of  the  American  Historical  Associatitm  are 
transmitted  by  the  association  to  tbe  Secretaiy  of  the  Smithsonian 
Instituti<H),  and  are  ccmmiunicated  to  Congress  under  the  provisions 
of  the  act  of  incorporation  of  the  assoclatim. 

Volume  2  of  the  annual  report  for  1908,  sent  to  the  printer  April 
26, 1910,  was  published  during  the  past  fiscal  year.  On  account  of  the 
size  of  the  work  it  was  issued  in  two  parts,  pagee  1  to  807,  and  808  to 
1617,  and  comprised  Parts  II  and  III  of  Texas  Diplomatic  Cwpe- 
spondence,  edited  by  the  late  Prof.  George  P.  Garrison. 
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There  was  also  published  the  annual  report  ior  1909,  with  the  fol- 
loiring  contents : 

1  Report  of  the  proceedlngB  of  the  twenty-fiftb  annaal  meeting  of  the  Ameri- 
can Historical  ABBOclation,  by  Waldo  G,  Leland,  aecretary. 

2.  TweDty-flftb  amtlverssry  celebration :  Proceedings  of  tbe  Came^  Hall 

meeting. 

3.  Bqxnt  of  tbe  proceeding))  of  the  Blxtb  annnal  meeting  of  the  Pacific  coast 

branch,  bj  Jacob  N.  Bowman,  secretar;  of  tbe  brancb. 

4.  Western  Asia  In  the  reign  of  Sennacberlb  of  Assyria  <706-688),  by  Albert 

T.  01  m stead. 

5.  Hie  teaching  of  mediffiTnl  archeeology.  by  Camllle  Enlart. 
%  Paradoxes  of  Gladstone's  popnlarity,  by  Edward  Forrltt 
7.  filsmarck  as  blstorlograjriier,  by  Guy  Stanton  Ford. 

&  Some  aspects  of  postal  extension  Into  the  West,  by  Julian  P.  Bretz. 
9.  Side  lights  on  the  Missouri  com'^romlse,  by  Frank  Heywood  Hodder. 

10.  Two  stndles  In  the  history  of  the  Pacific  Northwest,  by  Edmond  S.  Uenny: 

1.  Tbe  towns  of  the  Pacific  Norihwest  were  not  founded  on  the  fnr 

trada 

2.  Morton  Matthew  McCarver,  frontier  city  builder. 

11.  The  place  of  tbe  German  element  in  American  history,  by  Julius  Qoebel. 

12.  The  Dntch  element  in  American  history,  by  H.  T.  Colenbrander. 
IS.  The  Dutch  element  in  the  United  States,  by  Ruth  Putnam. 

14.  Beport  of  the  conference  on  the  contribution  of  the  Romance  nations  to 

the  history  of  America,  by  William  R.  Shepherd. 

15.  Historical  societies  In  Great  Britain,  by  George  W.  Protbero. 

16.  The  work  of  Dutch  historical  societies,  by  H.  T.  Colenbrander. 
IT.  The  historical  societies  of  France,  by  Camllle  Bnlart 

IS.  The  work  of  historical  societies  in  Spain,  by  Rafael  Altamlra. 

19-  Proceedings  of  the  sixth  annual  conference  of  historical  societies,  by  Waldo 

G.  Leland. 
30.  Tenth  annual  report  of  the  public  arcbkes  commission. 

Appendix  A.  Proceedings  of  the  first  annual  conference  of  archivists. 
Appendix  B.  Beport  on  the  archives  of  the  State  of  Illinois,  by  C.  W. 

Alvord  and  T.  C.  Peve. 
Appendix  C.  Report  on  the  archives  of  New  Mexico,  by  J.  H.  Tanghan. 
21-  Writing*  on  American  history,  1909.  by  Grace  G.  Grlfiln. 

The  manuscript  of  volume  1  of  the  annual  report  for  1910  was  sent 
to  the  printer  June  2,  1911. 


The  manusCTipt  of  the  Fourteenth  Annual  Report  of  the  National 
Society  of  the  Daughters  of  the  American  Revolution,  for  the  year 
ending  October  11,  1911,  was  communicated  to  Congress  February 
26, 1912. 

THE  SMITHSONIAN  ADVISOBT  COMMITTEE  ON  PRINTING  AND  PUB- 
LICATION. 

The  editor  has  continued  to  serve  as  secretary  of  the  Smithsonian 
advisory  committee  on  printing  and  publication.    To  this  committee 
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REPORT  OF  THE  EXECUTIVE  OOMKinEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION  FOR  THE  YEAR 
ENDING  JUNE  30, 1912. 


To  the  Board  of  Regents  of  the  SmitJiaonian  Institution: 

Your  executive  ctMnmittee  respectfull;  submits  the  following  re- 
port in  relation  to  the  funds,  receipts,  and  disbursements  of  the 
liistitution,  and  a  statement  of  the  appropriations  by  Congress  for 
the  National  Museum,  the  International  Exchanges,  the  Bureau  of 
American  Ethnology,  the  National  Zoological  Park,  the  Astrophysi-  . 
cal  Oteervatory,  and  the  International  Catalogue  of  Scientific  Idt- 
rrature  for  the  year  ending  June  30,  ldl2,  together  with  balances  of 
previous  appropriations. 

8HITHBONIAN  INSTITDTION. 

Condition  of  the  fund  July  i,  191S. 

The  permanent  fund  of  the  Institution  and  the  sources  frtrni  which 
it  has  been  derived  are  as  follows: 

DKPOBITED  IK  TBK  TBEASUST  Or  TBB  UNITED  BTATBB. 

BeqncBt  of  SmitliBon.  18« $515. 169. 00 

RetfdaaiT  legacy  of  Smlthson,  1867 26,210.  es 

Deposit  from  savings  of  Income,  1867 108, 620. 37 

Beaaeat  of  James  Hamilton,  1876 *1, 000. 00 

Accumulated  Interest  on  Hamilton  fund,  1895 1, 000. 00 

2,000.00 

Beqaest  of  Simeon  Habel,  1880 600.40 

Depostta  from  proceeds  of  sale  of  bonds,  1881 jl 61, 600. 00 

Gift  of  Thomas  G.  Hodgklne,  1891 200.000.00 

Part  of  realdaary  legacy  of  Thomas  Q.  Hodgklns,  1894 8.000.00 

Deposit  from  savlngB  of  Income.  1908 25.000.00 

Beeldaary  l^acy  of  Thomas  G.  Hodgklaa 7, 918. 69 

Total  amount  of  fund  In  tbe  United  States  Treasury 944, 918. 69 

oiQEB  aasoUBCES. 

Seglstered  and  gnsranteed  bonds  of  tbe  West  Shore  Batlroad  Co., 
part  of  legacy  of  Thomas  G.  Hodgkins  (par  value) 42,000.00 

Total  permanent  ftmfl 088.918.69 

Also  fonr  small  pieces  of  real  estate  begoeaOied  t^  Bobert  Btauton  Avery,  of 

t,D.  a 
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That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  provisions  of 
the  act  of  Congress  of  August  10,  1846,  organizing  the  Institution, 
and  the  act  approved  March  12,  1694.  The  rate  of  interest  on  the 
West  Shore  Kailroad  bonds  is  4  per  cent  per  annum.  The  real  estate 
received  from  Ilobert  Stanton  Aver;  is  exempt  from  taxation  and 
yields  only  a  nominal  revenue  from  rentals. 

Statement  of  rcceiplt  and  disburtementa  from  July  J,  1911,  to  June  SO.  lOli. 

BECEIPTS. 

Cash  on  deposit  July  1.  1911 $32,425.00 

Interest  on  fand  deposited  In  United  States  TreSBniy 

due  July  },  1911,  and  Jan.  1, 1912 f56, 696. 12 

Interest  on  West  Sliore  B.  B.  bonds  due  July  1.  1911, 

and  Jan.  1,  1912 1, 680.  OO 

Bepaymoits.  rentals,  publications,  etc 27,643.19 

Contributions  from  various  sources  for  specific  purposes.    21,150.00 

107,  lea  M 

139. 593. 97 

DISBnBSEMBNTS. 

Buildings,  care  and  repairs $5,460.36 

Furniture  and  flxtures 999. 16 

General  expenses: 

Salaries $18,159.22 

Meetli^ 225.75 

Stationery 702.85 

Postage,  telegraph,  and  telephone 675. 5S 

Freight 86. 55 

Incidentals 1.763.52 

Garoge 2,322.90 

Fuel  and  lights 87.26 

24,028.62 

Library 2, 015.  93 

Publications  and  their  distribution : 

laneous  collections 4. 014. 72 

8 ^ 284. 61 

1  pnbllcaUons 497.11 

nUon  supplies 428.13 

>e w 6,631.16 

11,900.73 

as,  researches,  and  collections 19,191.37 

ipeclflc  fund,  researches  and  publications 5.666.76 

lal  Exchan^s  — 6. 121. 32 

Art 252.63 

tor  field  expenaes,  etc 80.872.00 

106, 533.  88 
one  80,  1812,  deposited  with  the  Treasurer  of  the  United 
- 33, 06a  09 


189,008.97 
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By  authority,  your  executive  committee  again  employed  Mr.  Wil- 
liam L,  Ya«ger,  a  public  accountaat  of  this  city,  to  audit  the  receipts 
and  disbursements  of  the  Smithsonian  Institution  during  the  period 
covered  by  this  report.  The  following  certificate  of  examination 
supports  tiie  foregoing  statement,  and  is  hereby  approved : 

WABHUtOTON,  D.  0.,  Auguit  5,  1912. 

BXECCTITE  GOUUITTEE,   BoASD   OF   RBOKHtH; 

Brnithmnian  Institution. 

Sob  :  I  luTe  Kxamined  tbe  acconntB  and  Toncbers  of  tbe  BmlUiBODLan  losti- 
tutlon  for  tbe  flacal  year  ending  Jnn«  80, 1012,  and  certtty  tbe  following  to  be  a 
correct  etatemeut : 

Total  receipts *107, 168. 81 

Total  dlabursementB ; 106, 633. 88 


Excess  of  receipts  o 
Amonnt  from  Julj  1,  1911 32,425.86 


Balance  on  hand  June  30,  1912 33,060.09 


Balance  shown  by  Treasury  statement  Jnne  30,  1912 36,733.64 

Lees  outstanding  cbecks 8,678.45 


True  balance  Jane  30,  1912 33,060.09 

Tbe  vonchers  representing  payments  from  tbe  Smithsonian  Income  during  tbe 
year,  each  of  whlcb  bears  tbe  approval  of  the  secretary,  or,  la  his  absence,  of 
tbe  acting  secretary,  and  a  certificate  that  the  materials  and  services  chatted 
were  applied  to  tbe  pui'poBeB  of  tlie  Institution,  have  been  examined  la  connec- 
tion wltb  the  books  of  the  Institution  and  agree  with  them. 

(Signed)  WiLLiAii  L.  Yaegeb, 

Public  Aix^untant  ani  A%iHtor. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Institution,  and  all  payments  are  made  by  checks  signed  by  the  secre- 
tary. 

The  expenditures  made  by  the  disbursing  agent  of  the  Institution 
and  audited  by  the  Auditor  for  the  State  and  Otho-  Departments  are 
reported  in  detul  to  Congress  and  will  be  found  in  the  printed 
document. 
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Your  committee  bIso  presents  the  following  summary  of  appropria- 
tions for  the  fiscal  year  1912  intrusted  by  Congress  to  the  care  of  the 
iSmithsoniaD  Institution,  balances  of  previous  appropriations  at  the 
beginning  of  the  fiscal  year,  and  amounts  unexpended  on  June  30, 
1912: 


BnOdluE,  thtional  If  awoin. 
NstioDkl  ZnJlai^  Puk,  1110... 


s,ni.eT 
is,<no.<» 

M,«0a.7S 


1  CanM  to  credit  olsurploi  tond. 

Statement  of  ettimated  income  from  the  SmUhaonian  fund  and  from  other 
tources,  aocrved  and  protpeottve,  avattatle  during  the  flacal  year  efidinn 
June  SO,  J9IS. 

Balance  Jane  SO,  1912— 


Interest  on  fand  deposited  In  United  States  Treaaurr. 

dne  July  1,  1812,  and  Jan.  1,  1913 -4 

Interest  on  West  Bbore  R.  R.  bonds,  due  Jnl^  1,  1912, 

and  Jan.  1,  1918 


1.680.00 

8,000.00 


ElxcIianKe  repayments,  aale  of  publlcatlonfl,  rentals,  etc. 

Dc^KMlta  for  specific  pnrpoaes 12,000.00 


Total  aTBllable  (or  year  radlng  June  80,  lUS -  111.935.0 

Bespectf  ully  submitted. 

A.  O.  Bacon, 

Alexander  Gbahah  Bell, 

John  Dalzell, 

Executive  ComnUttee. 

Washinoton,  D.  C,  Novernber  Z5, 191S. 


PROCEEDINGS  OF  THE  BOARD  OF  REGEHTS  OF  THE  SMITHSON- 
IAS  INSriTOTION  FOR  THE  YEAR  ENDING  JUNE  30,  1913. 


At  a  meeting  of  the  Board  of  Regents,  held  December  14,  1909, 
the  following  resolution  was  adopted: 

BMotced,  That  hereafter  tlie  Board  of  Begenta  of  tlie  SmlUuMmtan  Inatltn- 
tlon  aball  hold  their  annual  meeting  on  the  Becond  Tlinisday  in  December,  and 
a  Bopplementary  meeting  on  the  second  Thnrada;  In  Febmary. 

In  acordanoe  with  this  resolution  the  board  met  at  10  o'clock  a.  m., 
m  December  14, 1911,  and  on  February  8, 1912. 

AinrUAL  XEBTXNa,  DECEHBEB  14,  1611. 

Present :  Hon.  James  S.  Sherman,  Vice'  Freeidwt  of  the  United 
States,  chancellor,  in  the  chair;  Hon.  Edward  Douglass  White,  Chief 
Justice  of  the  United  States;  Senator  S.  M.  Cullom;  Senator  Hmu? 
Cabot  Lodge;  Senator  A.  O.  Bacc«i;  Representative  John  Dalzell; 
Representative  James  R.  Mann;  Mr.  William  M.  Howard;  Dr. 
Andrew  D.  White;  Dr.  Alexander  Graham  Bell;  Mr.  Charles  F. 
Cfaoate,  Jr.;  Mr.  John  B.  Henderson,  Jr.;  and  Ute  secretary,  Mr. 
Charles  D.  Walcdtt. 

APPOINTMENT  OF  BEOBNT8. 
The  secretary  announced  the  appointment  of  the  following  Re- 
gents: By  the  President  of  the  Senate — Senator  Henry  Cabot  Lodge, 
for  his  senatorial  term  of  sis  years;  by  the  Speaker  of  the  House — 
Representatives  John  Dalzell,  Scott  Ferris,  and  Irvin  S.  Pepper,  to 
serve  imtil  December  24,  1913;  by  joint  resolution  of  Congress,  ap- 
proved by  the  President  March  1, 1911 — Mr.  John  B.  Henderson,  jr., 
for  six  years,  to  fill  the  vacancy  caused  by  the  resignation  of  Hon. 
John  B.  Henderson. 

BE80LUTI0N  BELATITE  TO  INCOME  AND  BXPENDITORE. 

Senator  Bacon,  chairman  of  the  executive  committee,  presented  the 
following  resolution,  which  was  adopted: 

Rewlved,  That  the  Income  of  the  Instltntlon  for  the  fiscal  year  aiding  June 
30, 1913,  be  appropriated  for  the  service  of  the  InstitDtlon,  to  be  expended  by  the 
secretary,  with  the  advice  of  the  execnttve  committee,  with  full  discretion  on 
the  part  of  tlte  secretary  aa  to  items.  . 
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A14NDAL  REPORT  OF  TUB  BXBOUTIVB  COMUITTEB. 

Senator  Bacon  submitted  the  report  of  the  ezecutive  committee  for 
the  fiscal  year  ending  June  30,  1911,  stating  that  the  members  of  tlie 
lx)ard  had  been  supplied  with  copies  in  printed  form. 

On  motion,  the  report  was  adopted. 

ANNUAL  RBPOBT  OP  THE  PBEMANBNT  COMMITTBB. 

The  secretary,  on  behalf  of  the  permanent  committee,  presented  the 
following  report  to  the  board: 

"  Cottrell  p(ri«ni8.— Announcement  was  made  at  the  meeting  of 
February  9, 1911,  of  a  proposed  gift  to  the  Institution,  made  through 
Prof.  P.  G.  Cottrell,  of  royalty-bearing  pateute.  The  board,  after 
discussion,  adopted  a  resolution  referring  the  matter  of  the  suggested 
donation  to  the  permanent  committee. 

"  Tour  committee  has  carefully  consid»vd  the  proposition  and  is 
of  the  opinion,  strengthened  by  the  opinions  of  Judge  Gray  and  Mr. 
Charles  F.  Choate,  jr.,  Regents  of  the  Institution,  that  it  is  inad- 
visable for  the  Institution  to  accept  the  direct  ownership  of  such 
patent  rights,  but  that  there  might  be  no  objeotion  to  receiving  the 
net  profits  of  such  a  gift.  The  committee  respectfully  presents  the 
following  draft  of  resolutions  to  the  board  for  such  action  as  it  may 
deem  proper: 

"  Resolved,  That  the  Board  of  R^ente  of  the  Smltbabnlan  Instttntloa  do  not 
deem  tt  expedient  for  the  Instltiitlon  to  become  the  direct  owner  of  the  propoBed 
gift  of  royalty-bearing  patents; 

"  Resolved  further.  That  the  Board  of  Regents  of  Ibe  SmtthBOnlaa  Instltatlon 
decide  that  the  Institution  may  properly  accept  a  declaration  of  trust  from  the 
owners  of  the  patents  to  bold  and  operate  the  same  in  the  Interest  of  the  Insti- 
tution, and  to  pay  over  to  the  said  Institution  the  net  profits  therefrom." 

[The  secretary  described  the  nature  of  the  patents,  covering  the 
processes  used  in  the  precipitati(«i  of  solid  particles  from  gases  and 
smoke  produced  in  smelters  and  cement  plants.  He  stated  that  con- 
siderable injury  had  be^  suffered  by  orchards  and  crops  in  the  neigh- 
borhood of  the  great  cement  plants  in  California,  and  that  the  com- 
panies had  been  subject  to  damage  suits.  The  precipitation  process 
had  removed  the  particles  of  cement  from  the  smoke  and  gases.  Fur- 
thermore, the  smoke  in  some  smelters  had  been  found  to  contain  lead 
and  other  metals  which  could  be  removed  by  this  process  and  thus 
save  what  otherwise  would  be  lost.  It  was  desired  to  form  a  com- 
pany of  business  men  and  experts  who  could  manage  the  patents  and 
turn  over  the  profits  to  the  Institution.  The  work  of  the  members 
of  this  company  would  be  largely  altruistic.  They  would  give  their 
attention  to  its  affairs  very  much  in  the  same  manner  as  the  Regents 
conduct  the  affairs  of  the  Institution.  They  would  employ  a  capabk 
manager  and  assistants,  who  would  look  after  the  management  and 
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CMDmercial  development  of  the  patents.  In  this  connectioD  it  ivoold 
seem  desirable  that  the  company  should  have  the  support  of  the 
Institntion  to  the  extent  that  the  secretary  and  the  permanent  com- 
mittee, if  desired,  could  take  ap  with  the  members  of  the  company 
the  question  of  the  appointment  of  the  members  of  the  board  of  di- 
rectors, that  they  mi^t  be  of  such  experience  and  ability  that  the 
best  results  would  be  secure^^from  the  patents.  Without  such  co- 
operative  support,  it  was  doubtful  whether  the  men  best  fitted  to 
guide  the  affairs  of  the  cranpany  would  be  willing  to  serve  on  the 
board  of  directors.  This  would  not  involve  the  management  of  the 
business  by  the  Smithsonian  Institution,  but  would  strengthen  the 
board  of  directors  by  the  feeling  that  they  had  the  opportunity  of 
consulting  with  the  secretary. 

The  secretary  remarked  further  that  the  offer  had  come  through 
Prof.  F.  G.  Cottrell,  professor  of  chemistry  in  the  University  of 
California.  He  represented  a  company  which  had  been  organized 
for  the  purpose  of  developing  and  carrying  tm  the  process.  They 
de^red  to  present  the  patents  to  a  learned  institntion  as  a  foundation 
for  a  research  fund,  and  had  decided  to  offer  them  to  the  Smithsonian 
!bistituti<m.] 

After  discussion,  on  moticm,  the  resolutions  were  adopted. 

[At  this  point  Prof.  Cottrell  was  introduced  to  the  board  and  made 
a  brief  statement  showing  the  develoimient  of  the  "  Precipitation 
process  "  work,  and  assuring  the  board  that  it  was  proposed  to  give 
to  the  Institution  the  very  fullest  freedom  in  the  use  of  the  fund,  he 
and  his  associates  not  wishing  to  be  represented  in  the  least  degree, 
tiiough  desiring  to  assist  in  any  manner  possible. 

Prof.  Cottrell  gave  several  instances  of  the  establishment  of  plants 
ranging  from  a  cost  of  $2,000  for  the  first  one  to  a  cost  of  about 
$125,000  for  one  soon  to  be  erected,  and  explained  that  their  work 
covered  the  abating  of  smoke  nuisances,  as  well  as  the  economic  object 
of  saving  the  solids  in  the  gases  and  smoke.  In  this  way  it  was  esti- 
mated that  one  company  would  save  from  $50,000  to  $100,000  a  year 
by  the  precipitaticu  of  lead  from  the  smoke  passing  out  of  its  stacks, 
and  others  had  been  saved  damage  suits  by  the  precipitation  of  mat- 
ter contained  in  the  gases  and  smoke  passing  into  the  air,  which  had 
formerly  done  great  injury  to  crops.] 

"/"A*  George  W.  Poore  bequest. — The  committee  also  took  under 
consideration  the  matter  of  the  George  W.  Poore  bequest.  The  board 
will  remember  that  at  the  last  meeting  it  was  announced  that  Mr. 
Poore  had  made  the  Institution  the  residual  legatee  of  his  estate, 
which  was  estimated  to  be  worth  about  $40,000,  under  the  condition 
that  the  incmne  from  this  sum  should  be  added  to  the  principal  until 
a  total  of  $250,000  should  be  reached.  Mr.  Choate  has  been  very 
kindly  looking  after  the  interests  of  the  Institution  and  has  recom-c 
tsasea'—hu  1&12 — e 
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mended  that  the  executor  be  authorized  to  eell  at  tiie  beet  prioea  ob- 
tainable the  several  lots  of  real  estate  included  in  Mr.  Poore's  hold- 
ings. The  executor  submitted  his  appraisal  of  tbeae  properties,  and 
an  independent  appraisal  has  also  been  made  by  a  real  estate  broker 
of  Lowell.  These  differed  bo  widely  that  your  committee  has  tboo^t 
it  best  to  request  Mr.  Choate  to  direct  that  a  third  appraisal  be  made 
by  a  totally  disinterested  party.  Mr^Ohoate  has  consented  to  see 
that  this  is  done  at  the  earliest  possible  moment. 

"  The  Langley  Monument  fund. — ^Mr.  J.  D.  Lyon,  of  Pittsburg 
Pa.,  has  requested  the  Smithsonian  Institution  to  receive  contribu- 
tions for  the  purpose  of  erecting  a  monument  to  the  late  Secretary 
Langley,  in  commemoration  of  his  work  in  the  science  of  aviation. 
Mr.  Lyon  inclosed  his  personal  check  for  $200  as  a  beginning  of  the 
fund.  Your  committee  sees  no  objection  to  the  Institution  acting  as 
the  custodian  of  such  a  fund,  nor  to  the  secretary  taking  the  matter 
up  informally  with  the  Aero  Club  of  Washington. 

"  The  Hodgkins  and  Avery  funds. — These  funds  remain  in  the 
same  condition  as  last  reported." 

[The  secretary  said  that  in  connection  with  the  Langley  Monument 
fund  he  desired  to  add  to  the  report  that  he  had  heard  from  the  sec- 
retary of  the  Aero  Club,  who  assured  him  that  the  matter  in  question 
would  be  placed  before  the  officers  and  members  of  the  club.] 

On  motion,  the  report  of  tiie  permanent  committee  was  accepted. 

'  ANNVAI.  REPORT  OF  THB  SBCRETART. 

The  secretary  presented  his  report  of  the  operations  of  the  Insti- 
tution for  the  year  ending  June  30,  1911,  stating  that  it  was  already 
before  the  Regents  in  printed  form. 

In  this  connection  the  secretary  pointed  out  to  the  Regents  the  pub- 
lications that  the  Institution  had  issued  during  the  year,  which  had 
been  arranged  on  top  of  a  bookcase,  and  said  that  since  the  last  annual 
meeting  in  December,  1910,  the  Institution  and  its  branches  had 
printed  a  total  of  173  publications,  aggregating  about  9,000  pages  of 
text  and  600  plates  of  illustrations.  Included  in  this  aggregate  were 
C2  volumes  and  pamphlets  (1,640  pages  and  151  plates)  published  by 
the  Institution  proper;  105  volumes  and  pamphlets  (4,123  pages  and 
319  plates)  by  the  National  Museum ;  and  12  volumes  and  pamphlets 
(3,300  pages  and  120  plates)  by  the  Bureau  of  American  Ethnology. 

During  the  year  the  Institution  and  its  branches  had  distributed 
about  200,000  copies  of  their  various  publications.  The  publications 
issued  by  the  Institution  proper  comprised  the  Langley  Memoir  on 
Mechanical  Flight,  a  new  edition  of  the  Smithsonian  Physical  Tables, 
a  series  of  papers  descriptive  of  some  of  the  results  of  the  African 
expedition  and  of  the  biological  survey  of  the  Panama  Canal  Zone, 
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and  at  biological  and  geological  work  in  the  Canadian  Rockies  and 
anthropological  work  in  Peru.  The  annual  report  of  the  Institution 
for  1910  was  also  issued  as  a  complete  volume  and  in  small  editions 
of  the  34  papers  in  the  Appendix  on  the  usual  wide  range  of  topics. 
There  were  also  in  press  a  Bibliography  of  Tin,  a  report  on  the  geo- 
logical structure  of  the  Alps,  a  phjdcal  study  of  tiie  natives  of  the 
Kharga  Oasis  in  Egypt,  and  several  zoological  and  botanical  papers. 

The  secretary  added  that  the  Museum  publications  were  devoted 
almost  entirely  to  biological  topics,  and  that  those  of  the  Bureau  of 
American  Ethnology  related  chiefly  to  researches  on  the  history, 
languages,  and  habits  and  customs  of  the  American  Indians. 

On  motion,  the  report  was  accepted. 

THE  LANOLEY  MEMORIAL  TABLin:. 

Senator  Lodge,  chairman  of  the  comjnittee  on  the  Langiey  memo- 
rial tablet,  presented  the  following  report  on  behalf  of  the  committee: 
"  Since  the  report  of  your  committee  at  the  last  annual  meeting  of 
the  board,  on  December  8,  1910,  Mr.  John  Flanagan  has  presented  a 
plaster  cast  of  the  model  of  the  tablet  for  consideration. 

"As  the  result  of  its  deliberations  your  committee  suggests  the  fol- 
lowing resolution  for  such  action  as  the  board  may  see  fit: 

Setf^ved,  That  tbe  tablet  as  presented  to-day  be  accepted ;  and  tbat  In  addl~ 
tloD  to  tbe  ram  of  |300  for  tbe  model  tbe  sculptor  be  paid  tbe  sum  of  f  1,000  for 
casting  In  bronze  and  cbaelng  and  dellvertng  tbe  finlsbed  tablet  ready  for  erec- 
tion In  the  Instttntlon  building,  the  tablet  to  contain  the  following  woidlng: 
SAMUEL  PIERPONT  LANGUre 
1B34-1906 
Secretary  of  the  SmltltBonlan  Inetltutlon 
1887-1006 
Discovered  Qie  relations  of  speed  and  angle  of  Inclination  to  the  lifting  power 
<tf  surfaces  moTlng  Id  air 


"  I  have  broa^it  to  a  close  the  portion  of  tbe  work  which  seemed  to  be  speclallf 

mine,  the  demonstration  of  the  practicability  of  mechenlcal  flight " 

"  Ttie  great  nnlrersal  highway  overhead  1b  now  soon  to  be  opened  " — Lanoley, 

1901. 

On  motion,  the  resolution  was  adopted. 

ACKNOWLEDGMENTS. 

The  secretary  read  the  following  letter  from  the  Hon.  John  B. 
Henderson,  whose  resignation  as  a  Regent  took  effect  March  1,  1911 : 

March  30,  1011. 
Deak  Mb.  WAi.cDTr:  I  am  much  gratifled  and  plensed  by  the  receipt  of  the 
baaudfuUy  engrossed  lesoludODe  and  of  your  very  kind  and  appredatlve  letter. 
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My  association  wltb  tbe  luatltaUon  was  always  d^lghtfnl,  and  I  need  hardly 
say  tbat  I  shall  conttnne  as  long  as  I  live  to  take  tbe  keenest  Interest  In  tbe 
progress  aod  welfare  of  the  Smithsonian.    With  many  thanks,  I  am. 
Very  sincerely,  yours, 

J.    B.    HntDEBSOM. 

The  secretary  also  read  the  following  extract  from  a  letter  in  rela- 
tion to  the  resolutions  adopted  by  the  board  on  the  death  of  Chief 
Justice  Fuller : 

These  resolntlona  are  a  fitting  and  appropriate  tribute  to  the  late  dumcdlor 
of  the  InstltuUon,  a  man  of  such  amiable  and  attractive  character  that  I  can 
not  doubt  bis  associates  on  the  board  sincerely  mourned  their  loss  in  his  denlli. 
I  beg  to  express  my  appreciation  of  the  action  of  the  board  In  tbis  matter. 

THE  FTTLLEB  MBMOBIAIi. 

The  secretary  stated  that  at  the  meeting  of  the  board  held  Feb- 
ruary 9,  1911,  Uie  following  resolution  was  adopted : 

Besolvei,  That  tbe  secretary  be  requested  to  prepare  a  suitable  memorial  of 
the  life  and  work  of  the  late  Chief  Justice  Melville  Weston  Fuller,  chancellor 
of  the  Smithsonian  Institution  from  1SS8  to  1910,  which  memorial  la  hereby 
declared  approved  for  inclnsion  in  the  next  annual  report  of  tbe  Board  of 
Regents. 

The  secretary  desired  to  report  that  in  accordance  with  the  require- 
ments of  the  resolution  he  had  prepared  the  memorial,  which  would 
be  found  in  the  annual  report  just  issued. 

SUNDAY  OPENING  OF  THE  NATIONAL  MUSEUM. 

The  secretary  said  that  at  the  meeting  of  February  10,  1910,  the 
board  adopted  a  resolution  directing  the  secretary  to  provide  for  the 
opening  on  Sunday  "  for  a  period  not  longer  than  five  hours  of  such 
portions  of  the  National  Museum  as  he  may  deem  expedient." 

He  desired  to  report  that  the  requirements  of  the  resolution  had 
been  fulfilled  and  that  the  new  building  had  been  opened  to  the 
public  on  Sunday  afternoons,  beginning  October  8.  Nearly  two- 
thirds  of  the  exhibition  space  had  been  made  accessible  by  introduc- 
ing temporary  installations  where  the  permanent  arrangements  were 
not  completed.  That  this  innovation,  which  had  been  urged  for  many 
years,  would  greatly  increase  the  usefulness  and  popularity  of  the 
Museum  was  indicated  by  the  large  attendance,  which  reached  a  total 
of  15,467  persons  on  the  first  day.  This  unusual  number,  largely  in- 
duced by  curiosity,  was  not  repeated,  but  since  then  the  daily  Sunday 
average  had  been  between  3,000  and  4,000,  which  is  not  greatly  below 
the  weekly  average  previously. 

While  the  new  building  was  structurally  finisJied  in  June  last, 
certain  minor  details  remained  to  be  completed,  such  as  the  painting 
of  the  interior  of  the  rotunda  and  the  final  part  of  the  work  of  grad- 
ing and  road  building,  all  of  which  had  been  since  completed. 
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The  best  efforts  of  the  staff  were  being  directed  toward  expediting 
the  installations  in  the  exhibition  halls.  This  work  was  advancing 
as  rapidl;  as  possible,  but  the  preparaticai  and  mounting  of  q>eci- 
mens  and  th«  building  of  cases  was  requiring  much  more  time  than 
had  been  expected. 

The  secretary  then  presented  the  following  statements  relating 
to  ezp]orati(Hts  conducted,  or  participated  in,  by  the  Institution : 

BIOLOGICAL  SDBVET  OF  THE  PANAMA  CANAL  ZONE. 

"  The  secretary's  report  contained  a  statement  of  what  had  been 
accomplished  in  connection  with  this  survey  up  to  the  end  of  June. 
It  seemed  desirable  that  the  work  should  be  continued  for  another 
year,  and  the  secretary  requested  the  Secretaries  of  the  Departments 
of  Agriculture  and  of  Commerce  and  Labor  to  renew  the  details  of 
specialists  for  the  purposes  of  the  survey.  The  requests  have  already 
received  favorable  consideration. 

'*  Special  attention  will  be  given  during  the  craning  season  to  ver- 
tebrate animals,  insects,  crustaceans,  rotifers  and  other  minute  fresh- 
water animals,-  and  also  to  the  microscopic  plants  known  as  diatoms. 

THE  PAUL  J.  RAINEY  AFRICAN  EXPEDITION. 

"Announcement  was  made  at  the  meeting  of  the  board  on  Feb- 
ruary 9,  1911,  that  Mr.  Paul  J.  Rainey,  of  New  York  City,  had  in 
contemplation  an  expedition  in  Africa  for  the  purpose  of  collecting 
natural  history  specimens  which  he  desired  to  present  to  the  Smith- 
sonian Institution.  At  his  request,  Mr.  Edmund  Heller,  cme  of  the 
naturalists  who  went  with  Col.  Roosevelt  on  a  previous  expedition, 
was  designated  to  accompany  Mr.  Bainey.  Mr.  Heller  left  Wash- 
ington on  P^niary  17  with  the  expectation  of  remaining  abroad 
about  a  year. 

"  The  regions  in  which  these  explorations  have  been  made  lie 
mostly  to  the  north  of  the  territory  covered  by  the  Smithsonian 
African  expedition,  though  short  trips  were  made  to  the  southward, 
nearly  to  the  border  of  German  East  Africa.  Several  isolated  moun- 
tains not  hitherto  visited  by  naturalists  were  carefully  explored  and 
the  scientific  results  can  not  fail  to  be  of  great  importance. 

"At  the  date  of  his  last  report,  November  3,  1911,  Mr.  Heller  had 
secured  about  700  large  mammals,  3,000  small  mammals,  and  250 
birds.  Thanks  to  Mr.  Rainey,  this  magnificent  collection  has  cost 
the  Government  only  its  transportation  from  Africa  and  Mr.  Heller's 
salary  and  outfit.  In  the  field  Mr.  Heller  has  been  supplied  wholly 
at  Mr.  Rainey's  expense  with  a  corps  of  from  20  to  30  assistants  and 
with  every  facility  that  money  could  procure.  This  unique  oppor- 
tunity has  been  utilized  to  the  fullest  extent  by  Mr.  Heller,  and  the  ^- 
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Institution  msy  regard  itself  as  fortunate  in  having  the  cooperation 
of  two  sui^  men. 

"  Mr.  Rainey  has  intimated  that  he  will  probably  conduct  an  ex- 
pedition in  India  nest  year,  and  that  he  will  wish  to  have  Mr.  Heller 
with  him  on  that  occasion  also. 

THE  CHILDS  FRICK  EXPEDITION. 

"  Mr.  Childs  Frick,  of  New  York  City,  has  organized  and  financed 
an  expedition  into  Abyssinia  under  his  own  leadership  for  the  pur- 
pose of  hunting  and  making  natural  history  collections.  The  party 
includes  Lieut.  Col.  Edgar  A.  Mearns,  United  States  Army,  retired, 
who,  as  the  board  will  remember,  accompanied  Col.  Roosevelt  on  the 
Smithsonian  African  expedition.  Col.  Meams  will  collect  and  pre- 
pare birds  which  will  be  presented  by  Mr.  Frick  to  the  ^nithaonian 
Institution  for  the  National  Museum  collections. 

"  Col.  Menms  sailed  in  November,  expecting  to  meet  the  other 
members  of  the  party  in  London,  whence  they  were  all  to  proceed  to 
Aden,  from  which  point  they  will  cross  the  Gulf  of  Aden  and  go 
directly  into  the  wilderness.  It  is  expected  that  the  expedition  will 
be  in  the  field  about  seven  months. 

HAMILTON  LECTURES. 

"  The  board  is  aware  that  in  1874  Mr.  James  Hamilton  made  a 
donation  of  $1,000  to  the  Institution,  the  income  of  which  was  to  be 
used  for  the  purpose  of  providing  lectures  on  scientific  or  useful 
subjects.  The  interest  on  tliis  fund  was  allowed  to  accumulate  until 
it  had  reached  the  sum  of  $1,000  which  was  added  to  the  original 
bequest.  Under  this  augmented  fund,  lectures  have  been  delivered 
by  Dr.  Andrew  D.  White  and  Prof.  Geoi^e  E.  Hale.  The  third 
lecture  will  be  delivered  by  Dr.  Simon  Flexner,  director  of  the  Rocke- 
feiler  Institute  for  Medical  Research,  on  the  evening  of  February  8, 
1912,  which,  being  the  second  Thursday  in  February,  will  be  the  date 
of  the  board's  spring  meeting." 

There  being  no  further  busioess,  on  motion  the  board  adjourned. 


BXOUUUl  MEBTIHa,  PEBBVAJtT  8,  lOlS. 

Present:  Hon,  James  S.  Sherman,  Vice  President  of  the  United 
States,  chancellor,  in  the  chair;  Hon.  Edward  Douglass  White,  Chief 
Justice  of  the  XTnited  States;  Senator  A.  O.  Bacon;  Representative 
Scott  Ferris;  Representative  Irvin  S.  Pepper;  Hon.  George  Gray; 
Dr.  Alexander  Graham  Bell;  and  the  secretary,  Mr.  Charles  D. 
Walcott. 
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BESIGNATION  OF  SB.  JAUBS  B.  ANOELL. 

The  secretary  read  the  folio-wing  letter  : 

AWH  Abbok,  Mich.,  January  15,  191t. 
Dr.  C.  D.  WAMxirr, 

Secretary,  BmithtOTitan  In»tUvUo». 
Dkab  Sib:  Allow  me  to  toider  loy  r«alKiuitlOD  bb  a  B«KeDt  of  the  IiiBtitutliiii. 
I  do  BO  retuctantlf,  bs  I  bave  enjoyed  my  rel&ttona  to  tbe  board  nud  to  yourself 
and  to  your  predeceaaor. 

But  I  am  Bare  it  will  )>e  wiser  to  appoint  la  my  place  Bome  oue  wbo  cbd 
attend  tbe  meetlngB  more  regulurly  than  In  all  probability  I  eball  be  able  to 
do  in  Um  future. 
Wltb  best  wisbee  tor  the  pro^teiity  of  the  Institution,  I  am. 
Touts,  very  truly, 

Jaues  B.  ANatxu 

The  secretary  said  that  Dr.  Angell  had  been  first  appointed  as 
Regent  on  January  19, 1887,  and  had  therefore  serred  in  that  capac- 
ity for  over  25  years,  being  in  fact  the  dean  of  the  "  citizen  "  class  of 
Regents. 

Dr.  Bell  offered  the  following  resolution,  which  was  adopted: 

Whereas  tbe  Board  of  Regenta  of  the  Smithsonian  Institution  faaTing  learned 
tint  Dr.  Jomea  Bnrrilt  Angell  has  tendered  bis  reelgnetlon  as  a  Regent,  after 
an  hononbie  service  in  that  capacity  for  ovw  2tt  years: 

Retolved,  That  the  Regents  deslie  here  to  record  their  sincere  regret  at  the 
withdrawal  from  their  body  of  so  distinguished  a  colleague,  their  appreciation 
of  the  value  of  his  serrlces  to  tbe  Institution,  and  tbelr  assurances  that  la  thus 
lessening  the  burdois  of  a  long. and  useful  career  he  has  their  earnest  wlrttes 
that  tbe  years  remaluliig  to  him  may  be  replete  with  health  and  happiness. 

The  chancellor  announced  the  adoption  of  the  resolution,  with  the 
suggestion  that,  as  customary,  an  engrossed  copy  be  sent  to  Dr.  Angell. 

COTTBttLL  PATBNTS, 

The  secretary  briefly  sketched  the  action  of  the  board  at  the  last 
meeting  in  adc^ting  resolutions  declaring  that  while  the  Institution 
could  not,  accept  the  direct  ownership  of  these  patents,  it  would  accept 
the  net  profits  resulting  tberofrom ;  and  stated  that  he  had  seen  Prof. 
CottreU  several  times  since  then  in  relation  to  the  formation  of  the 
Research  Corporation  suggested  for  the  purpose  of  handling  the 
business  in  connecticm  with  the  matter.  He  then  read  the  draft  of  a 
proposed  charter  for  the  corporation  referred  to,  and  said  that  the 
names  menticmed  were  those  of  business  men  of  wide  experience — 
men  of  affairs — ^who  would  be  capable  of  administering  a  trust  of 
the  nature  described. 

He  further  said  that  a  suggestion  had  been  made  that  he,  as  an 
individual,  entirely  apart  from  his  capacity  as  secretary  of  tbe  Insti- 
tution, should  be  in  the  corporation,  to  which  the  R^ents  ctmsrated. 
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WORK  UNDEB  THE  HAARIMAN  TBU8T  FtTND. 

The  secretary  said  that  the  board  had  been  informed  of  the  tnist 
fund  established  by  Mrs.  Edward  H.  Harriman,  to  be  administered 
under  the  direction  of  the  Institution,  for  the  purpose  of  an  exhaust- 
ive study  of  the  life  of  North  American  mammals  by  Dr.  C.  Hart 
Merriam,  an  eminent  biologist,  who  is  thus  occupying  a  position 
which  has  been  previously  designated  as  a  Smithsonian  rest^rdi  asso- 
ciateship. 

He  stated  that  Dr.  Merriam  was  engaged  in  the  preparation  of  a 
comprehensive  work  and  was  also  ccmtimiipg  field  studies  cm  the  dis- 
tribution of  animals  and  plants,  particularly  on  the  Pacific  coast; 
that  during  the  past  year  he  had  gone  over  his  voluminous  notes  and 
manuscript  accumulations  of  a  lifetime  and  brought  them  together 
in  convenient  form  for  ready  reference. 

He  had  been  informed  by  Dr.  Merriam  that  the  first  volume  of  his 
work  on  the  mammals  of  Nortli  America,  treating  of  the  bears,  was 
nearly  ready  for  publication,  and  would  probably  go  to  press  in  a 
short  time;  that  the  second  volume,  treating  of  the  wolves,  coyotes, 
and  foxes,  was  well  in  hand  and  would  follow  as  early  as  practicable. 
The  secretary  said  that  in  this  connection  it  was  gratifying  to  note 
that  Dr.  Merriam  was  receiving  the  cordial  support  of  naturalists 
and  museums  throughout  the  United  States  and  Canada,  so  that  prac- 
tically all  the  museum  material  known  to  exist  in  American  collec- 
tions had  been  placed  at  his  disposal. 

It  was  further  remarked  that  Dr.  Merriam  was  also  conducting  cer- 
tain ethnological  investigations  among  the  little  known  and  rapidly 
disappearing  Indian  tribes  of  California  and  Nevada;  that  from 
these  he  had  already  collected  a  large  fund  of  original  material,  rdat- 
ing  chiefly  to  distribution,  languages,  "and  mythology,  and  had,  in  ad- 
vanced preparation,  a  book  of  creation  stories  and  other  tales,  ar- 
ranged on  the  plan  adopted  in  his  volume  on  the  myths  of  the  Mewan 
Tribes  of  California,  already  published. 

REPORT  ON  EXPEDITIONS. 

The  secretary  then  made  the  following  statement  r^farding  exp6- 
ditiona  and  other  matters  of  general  interest: 

"The  Smithsonian  African  expedition  under  Col.  Roosevelt  un- 
doubtedly created  a  wide  interest  among  the  friends  of  the  Institu- 
tion, and  opportunities  have  occurred  to  benefit  by  similar  expedi- 
tions undertaken  by  private  initiative." 

"  Biological  survey  of  the  Panama  Canal  Zone. — Mention  has  been 
made  to  the  board  uid  in  the  secretary's  reports  of  the  biological  sur- 
vey of  the  Canal  Zone.  The  work  has  been  under  way  about  a  year 
and  is  not  expected  to  be  concluded  until  about  the  middle  of  the  com- 
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mg  sommer.  Data  of  much  importance  have  been  secured,  and  the 
tesnlts  of  the  expedition  will  be  oertain  to  justify  its  organization. 
Many  courtesies  have  been  received  from  the  Departments  of  Agri- 
culture, War,  and  Commerce  and  Labor  in  the  assignment  of  special- 
ists for  the  work,  and  from  the  Panama  Steamship  &  Railway  Co.  in 
providing  for  their  transportation,  and  due  acknowledgment  has 
been  made  b;  the  Institution. 

"  The  Paul  J,  Rainey  expedition. — The  board  was  informed  at  the 
meeting  on  February  9,  1911,  of  the  intention  of  Mr.  Bainey  to  make 
an  expedition  into  British  East  Africa  for  the  collection  of  birds  and 
mammals,  and  of  his  invitation  to  the  Institution  to  send  a  naturalist 
with  him,  who  would  prepare  Hhtsa  collections  which  would  be  pre- 
sented to  the  Institution.  Mr.  Edmund  Heller,  who  accompanied 
the  Smithsonian  African  expedition,  was  designated  for  this  duty, 
and  left  Washington  on  February  17  last.  A  brief  report  of  the 
work  was  made  to  the  board  at  the  December  meeting.  The  expedition 
is  now  completed,  with  results  most  satisfactory  to  Mr.  Heller,  who 
is  at  present  in  London  studying  types  of  mammals.  He  will  shortly 
return  to  Washington  to  put  the  collection  in  order,  and  a  report  on 
the  expedition  will  be  made  later. 

"  The  ChUds  Frick  expedition. — No  information  has  been  received 
from  this  expedition  later  than  that  presented  to  the  board  at  the 
December  meeting. 

^^  Borneo  expedition. — During  the  past  10  or  12  years  Dr.  W.  L. 
Abbott,  of  Philadelphia,  has  been  exploring  the  Malay  Archipelago 
and  has  given  all  of  his  collections  of  vertebrates  and  ethnological 
material  to  the  Institution  for  the  United  States  National  Museum. 
These  contributions,  so  far  as  vertebrates  are  concerned,  are  undoubt- 
eriy  the  most  important  ever  received  by  the  Museum  from  any  one 
person.  Illness  has  recently  put  an  end  to  Dr.  Abbott's  personal 
work,  but  bis  interest  in  the  Institution  does  not  seem  to  have  abated. 
He  has  recently  offered  to  pay  the  salary  and  expenses  of  a  suitable 
man  to  continue  the  exploration  of  eastern  Borneo,  with  the  inten- 
tion of  further  adding  to  his  generous  gifts  to  the  Institution.  Upon 
acceptance  of  the  offer  he  engaged  the  services  of  Mr.  Harry  C. 
Baven,  of  New  York,  and  placed  at  the  disposal  of  the  Institution 
the  sum  of  $3,000  for  the  purpose  of  beginning  the  work.  A  very 
recent  letter  from  Dr.  Abbott,  who  is  now  in  England,  contains  the 
information  that  he  will  transmit  to  the  Institution  a  further  sum  of 
$2,000  in  order  to  meet  a  total  expenditure  of  $5,000  if  necessary  in 
the  conduct  of  the  expedition.  The  outfitting  for  the  trip  is  now 
under  way. 

^^Sihenan  expedition. — Dr.  Theodore  Lyman,  of  Cambridge,  Maas., 
has  recently  invited  the  cooperation  of  the  Institution  in  an  expedi- 
tion to  the  Altai  Mountains,  Siberia,  during  the  ocHning  summer.  C 
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He  offers  to  pay  all  expenses,  except  salary,  of  a  represent^tiTe  of  Uie 
Institution,  who  will  make  natural-history  collections,  the  mammals 
to  be  deposited  in  the  National  Mnsenm.  Dr.  Lyman  is  in  corre- 
spondence with  the  American  embassy  at  St.  Petersburg  as  to  the 
probable  safety  of  such  a  journey,  and  will  start  at  an  early  date  if 
indications  are  favorable.  It  is  expected  that  Mr.  Ned  Hoilister,  a 
Museum  naturalist,  will  be  designated  to  accompany  Br.  Lyman. 

"  Smithsonian  A  Igericm  expedition. — For  several  years,  as  has  been 
stated  in  the  secretary's  reports,  the  Astrophysical  Observatory  of  the 
Institution  has  been  engaged  in  a  study  of  the  solar  constant  of 
radiation.  The  work  has  been  conducted  under  the  immediate  super- 
vision of  Mr.  Charles  G.  Abbot,  director  of  the  Observatory,  whose 
studies  at  Washington,  D.  C,  and  Mount  Wilson  and  Mount  Whit- 
ney, Cal.,  indicated  that  the  sun  was  probably  a  variable  star,  its 
radiations  fluctuating  from  2  per  cent  to  5  per  cent  during  irregular 
periods  of  from  5  to  10  days'  duration.  This  lack  of  constancy  was 
so  important  that  it  seemed  necessary  to  test  it  further  by  means  of 
simultaneous  observaticHis  held  at  Mount  Wilson  and  some  other  high- 
altitude  station  remote  from  that  point  where  an  equally  cloudless 
atmosphere  existed. 

"  Mr.  Abbot  selected  Algeria  for  these  additional  observations,  and 
in  July  last  established  a  station  at  Bassour,  where  until  November 
he  carried  on  the  work  with  the  assistance  of  Prof .  Frank  P.  Brackett, 
of  Pomona  College,  California.  Similar  observations  were  made  at 
the  same  time  by  Mr.  L.  B.  Aldrich  at  the  station  on  Mount  Wilson, 
which  is  separated  from  Bassour  by  a  distance  equal  to  about  one- 
third  of  the  earth's  circumference. 

"  Mr.  Abbot,  though  hampered  by  snne  unexpectedly  cloudy 
weather,  made  successful  observations  on  about  thirty  days,  and  while 
much  computing  and  comparing  remains  to  be  done  before  the  final 
results  can  be  stated,  a  strong  hope  is  entertained  that  they  will  go 
a  long  ways  toward  definitely  solving  the  question  as  to  tiie  varia^ 
bility  of  the  sun. 

"  The  practical  bearing  of  this  woi^  is  important.  Weather  fore- 
casting is  not  as  yet  an  exact  science,  being  in  fact,  except  in  the 
matter  of  pronounced  storms  and  hot  and  cold  waves,  but  little  more 
than  refined  guesswork.  If  radiation  proves  to  be  a  stnmgly  c<Hi- 
trolling  factor,  forecasting  would  be  much  simplified. 

NATIONAL  MUSEUM. 

^^  Freer  collection. — ^Preparations  are  now  in  progress  lookiiig  to 
the  temporary  exhibition,  beginning  in  April,  1912,  of  a  selection  of 
objects  from  the  Charles  L.  Freer  collection  of  American  and  oriental 
art  One  of  the  large  halls  in  the  new  Museum  building  will  be 
used  for  the  purpose,  and  during  a  period  of  about  two  months  the 
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public  wi}I  be  given  the  opportunitj  of  judging  of  the  importance 
8D(1  varied  character  of  this  notable  gift  to  the  Nation. 

MAEKET  SHEDa 

"A  bill  has  been  introduced  in  the  House  of  Representatives  at 
this  session  (H.  R.  19127)  which  provides  for  the  erection  of  steel 
shelter  sheds  for  market  purposes  in  the  vacant  squares,  known  as 
Haymarket  Square,  directly  opposite  the  north  front  of  the  new 
building  for  the  Museum.  While  these  sheds  might  tend  to  make 
the  square  more  tidy  and  presentable  than  it  is  now,  the  placing  of 
such  structures  there  would  point  to  an  intended  long  occupancy  for 
market  purposes,  which  is  much  to  be  regretted.  A  skett^  plan  of 
the  square  was  shown, 

INDIAN  MEMOBIAL  BUII-DINQ. 

"  Identical  bills  providing  for  an  American  Indian  memorial  and 
museum  building  and  the  assembling  of  a  collection  of  objects  re- 
lating to  the  Indians  of  North  America  were  introduced  in  the  Sen- 
ate and  House  at  the  beginning  of  this  session.  They  are  numbered 
S.  3953  and  H.  R.  16313. 

"  The  National  Museum  is  the  legal  custodian  of  the  ethnological 
and  archseological  collections  belonging  to  the  Qovemment,  and  these 
are  now  assembled  and  their  public  exhibition  amply  provided  for 
in  a  monumental  building  which  has  cost  $3,500,000.  It  is  not  im- 
probable, however,  that  the  movement  instituted  by  the  Order  of  Red 
Men  of  the  United  States  might  result  in  bringing  to  Washington  a 
very  large  additional  amount  of  Indian  material  which  would  be  of 
>^Qe;  but,  should  the  measure  receive  favorable  action  by  Congress, 
the  memorial  should  be  placed  under  the  supervision  and  control  of 
the  Regents  of  the  Smithsonian  Institution  instead  of  the  Secretary 
of  the  Interior.  Only  by  such  an  arrangement  could  the  proposed 
new  collections  be  properly  correlated  with  those  belonging  to  the 
natuHial  collections;  and,  furthermore,  such  relationship  with  the 
Institution  would  insure  greater  economy  of  management,  as  the 
Institution  already  has  an  experienced  administrative  staff  in  the 
National  Museum.  A  representative  of  the  Improved  Order  of  Red 
Men  has  given  assurance  that  such  a  relationship  to  the  Institution 
would  be  entirely  agreeable  to  the  order,  and,  accordingly,  when  - 
requested  by  the  chairman  of  the  House  Committee  on  Public  Build- 
ings and  Grounds  to  indicate  the  Institution's  view  of  the  bill,  the 
following  letter  was  sent: 

JARDABT  22.  1912. 

DsAB  Sn:  I  beg  to  acknowledge  the  receipt  of  yonr  commnnlcatlou  of  the 
ISth  Instant,  Inclosing  a  copy  of  H.  R.  16313,  being  &  bill  "  Pravldlng  tor  the 
erection  of  an  Ametlcan  Indian  memorial  and  museum  building  In  the  city  of 
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Waablngton,  District  of  Columbia,"  and  reQuestlng  Bucb  data  relating  tlieretfl 
as  I  may  be  able  to  asBemble. 

I  would  first  note  that  the  matter  was  orlglaally  brought  to  the  attention  of 
the  Slxtr-flrst  Congress,  third  Beselon,  Id  Identical  blllB  sobmllted  to  the  SeasCe 
and  Honse  of  Representatives,  In  which,  while  the  erection  of  snch  a  mnsenm 
building  was  provided  for,  the  precise  object  of  the  memorial  waa  not  atab^ 
The  present  bill  expressly  deflnee  the  object  of  the  museum,  namely,  to  honse 
such  relics  relating  presumably  to  the  American  Indians  hb  may  be  contributed 
for  the  purpose  from  private  sources,  one  of  wbicb,  a  patriotic  oi^anizatlon.  Is 
speclflcBlly  mentioned.  While  It  is  not  so  stated,  it  Is  asanmed  that  the  ccntri- 
butloQS  are  intended  to  be  of  the  nature  of  gifts  to  the  Government  and  there- 
fore to  become  Its  absolute  property,  though  the  ofCer  of  loan  exhibits  is  to  be 
exi>ected  and  their  ncceptance  Is  to  be  considered  a  proper  musetuu  function. 

The  National  Museum,  constituted,  by  act  of  Congress  of  August  10,  1848,  a 
part  of  the  organization  of  the  Smithsonian  Institution,  is  the  depository  tor 
all  Government  collections,  in  which  the  subject  of  the  American  Indiana  la 
one  of  the  most  prominent  and  most  extensively  represented.  These  collections 
have  resulted  from  Government  surveys  and  expeditions  and  from  contributions 
from  many  private  sources.  In  the  new  building  recently  completed  for  the 
National  Museum  at  a  cost  to  the  Government  of  $3,t>00,000  and  containing  some 
10  acres  of  floor  space,  about  one-third  of  the  area  Is  devoted  to  the  subject  of 
ethnology  and  archfeology.  Illustrative  mainly  of  the  North  American  Indians. 
With  reference  (o  the  memorial  and  museunt  provided  tor  In  H.  K,  16313, 1 
have,  besides  the  facta  recited  In  the  bill,  only  certain  general  Information 
obtained  Informally,  but  I  have  been  given  to  understand  that  if  the  proposed 
measure  is  carried  out  the  Influences  back  of  It  are  sufficiently  wide  end 
potent  to  cause  to  be  brought  to  Wasblngton  a  large  amount  of  material  relat- 
Ing  to  the  Indians  of  the  country,  which  would  otherwise  remain  scattered  and 
unavailable  for  study.  If  this  be  the  case.  It  would  seem  that  much  good 
might  result  from  the  movement 

There  is  one  matter  covered  by  the  bill,  however,  to  which  I  would  invito 
special  attention.     It  Is  proposed  that  the  memorial  be  under  the  sapervlsloD 
and  control  of  the  Secretary  of  the  Interior.    I  am  not  Informed  as  to  the  posi- 
tion or  wishes  of  the  Department  of  the  Interior  In  the  matter,  but  I  respect- 
fully suggest  that.  In  case  the  bill  be  considered  favorably,  the  question  of 
nlnclnc  tlie  memorial  and  museum  under  the  custody  of  the  Regents  of  the 
n  Institution  be  given  serious  thought,  since  with  an  experloiced 
tlon  already  established  It  would  appear  tbat  the  affairs  of  the  pro- 
eum  might  be  conducted  more  economically  under  the  InsUtatlon 
wise.    The  opportunity  would  also  thus  be  afforded  for  coordinating 
oos  with  those  In  the  National  Museum  In  sucb  maaner  as  to  secure 
suits  for  the  public. 

'  of  the  bill  which  you  forwarded  is  returned  herewith,  as  requested. 
■  truly,  yours, 

CtiABtES  D.  Walcott,  Beeretarf. 
>rable  Moaaca  Shefpard, 

rnuin.  Committee  on  Public  fiwildin^a  and  Qroundg. 
United  States  Houae  of  Repreieatalivet,  Wa$hintfton,  D.  0. 
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DISTBIBUTION    OF    GOVERNMENT    PUBLICATIONS    ISSDM)    UNDER 
THE  INSTITUTION. 

"  In  a  message  to  Congress,  dated  February  5,  1912,  the  President 
transmits  three  reports  from  the  Commission  on  Economy  and  Effi- 
ciraicy,  one  of  which  relates  to  *  The  centralization  of  the  distribution 
of  Government  publications.'  On  this  subject  the  President  remarks 
as  follows  : 

Tbe  flrst  report  reccmnDends  that  tlie  work  ot  distributing  documents  be  c«a- 
tralized  in  the  office  of  Superintendent  of  Public  DocumentB  in  tlie  Govemoieat 
PHntiDg  Office  as  a  substitute  for  the  present  method  of  distribution  by  each 
of  the  departments,  offices,  and  boreaus  issuing  documents,  Tbe  plan  does  not 
contemplate  any  cbange  In  the  authority  which  determines  the  persons  to  whom 
docnments  shsU  be  sent,  but  only  that  the  physical  work  of  wrapping,  address- 
ing, and  mailing  the  docnmeats  shall  be  done  at  one  place,  and  that  the  place 
of  manufacture. 

Docnments  are  now  printed  and  bound  at  the  Printing  Office  and  conveyed  to 
Uieseveral  departments  and  bureaus,  where  they  are  wrapped  and  addressed  and 
wnt  to  the  poet  office,  and  afterwards  from  tbe  post  office  to  the  railroad  station, 
irtilcl]  la  near  the  Printing  Office.  One  result  of  the  proposed  plan  will  be  to 
eliminate  this  unnecessary  transportation  of  the  large  number  of  documents 
annually  issued  by  the  departments.  Departments  will  be  relieved  of  the 
tronbie  and  expense  of  handling,  storing,  and  acconndng  for  documents ;  a  bet- 
ter control  can  be  exercised  over  the  number  of  copies  of  a  document  to  be 
printed  at  one  time,  or,  what  printed,  the  number  to  be  bound  from  time  to 
lime;  and  the  accumulation  of  undistributed  copies  of  the  same  documents  in 
wveral  offices  will  be  avoided. 

The  centralization  of  the  work  of  wrapping  and  addressing  documeits  will 
permit  the  use  of  tbe  most  improved  mechanical  devices  and  a  saying  of  labor 
that  is  not  possible  wh^i  the  work  la  done  In  many  offices. 

I  an>rove  this  recommendation  of  the  commission  and  commend  it  to  the 
hvorable  consideration  of  the  Congress. 

"  It  is  considered  that  the  Institution  is  itself  better  prepared  to  at- 
tend directly  to  the  distribution  of  its  publications  in  the  interest  of 
the  tmstfi  confided  to  the  Begents  than  through  any  outside  agency. 
The  publications  of  the  Institution  are  not  an  incidental  result  of  its 
work,  but  something  planned  for  and  systematically  executed.  The 
Institution  keeps  in  touch  with  all  the  principal  scientific  and  art- 
'  establishments  of  the  world,  and  with  all  experts  in  science  and  art 
who  are  promoting  work  in  a  line  with  its  own,  or  whp  are  in  posi- 
tions to  help  in  securing  collections,  infonnation,  or  advice.  With  the 
exception  of  certain  public  libraries,  its  mailing  lists  are,  therefore, 
Dnde^^ing  constant  changes.  The  publications  constitute  an  im- 
portant asset,  and  through  their  judicious  distribution  have  brought 
returns  which  could  not  have  been  obtained  in  any  other  way. 

"  Furthermore,  a  large  proportion  of  the  publications  bear  a  date 
of  issuance  and  must  be  maileld  by  or  on  that  date  to  retain  their 
value.    They  are  received  from  the  Printing  Office  from  two  to  three 
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days  in  advance  of  the  date,  and  it  is  inconceivable  that  any  oataide 
agency  could  be  relied  upon  to  insure  their  distribution  with  the 
promptness  demanded.  It  is,  consequently,  felt  that  the  control  of 
this  distribution  should  remain  where  it  is. 

"  Reports  on  this  subject  were  made  to  the  President  and  to  the 
Commission  on  Economy  and  Efficiency  under  dates  of  September 
27  and  November  8,  last,  and  in  these  it  was  shown  that  the  distri- 
butions were  made  on  an  exceedingly  low  basis  of  cost.  In  fact, 
all  publications  except  those  of  the  Museum  are  stored  in  and  dis- 
tributed from  the  Smithsonian  building,  which  the  Government  is 
using  without  cost.  The  actual  labor  of  wrapping,  labeling,  and 
handling  the  Smithsonian  reports  is  furnished  by  the  Institution 
and  not  by  the  Government.  And  from  all  points  of  view  the  trans- 
fer of  the  actual  work  of  distribution  to  another  establishment  would 
distinctly  t«nd  to  reduce  the  scientific  value  of  the  Smithsonian 
publications  and  to  curtail  the  benefits  which  the  Institution  is  de- 
riving frcon  thenu" 

SMITHSON  RELICS. 

"  For  many  years  the  Smithson  relics,  those  personal  belon^ngs 
that  were  a  close  and  intimate  part  of  the  life  of  the  founder,  have 
been  cared  for  in  one  of  the  south  tower  rooms  known  here  as  the 
old  Events'  room,  because  of  its  former  use  by  the  Kegents  for  their 
meetings.  This  room  is  quite  inaccessible,  so  it  was  decided  to 
arrange  the  relics,  temporarily  at  least,  for  exhibition  in  the  central 
portion  of  the  main  hall  of  the  Smithsonian  building.  They  are  i& 
special  cases  under  constant  supervision,  and  have  aroused  a  deep 
interest  among  those  who  are  acquainted  with  the  history  of  the 
Institution.    Among  the  relics  may  be  seen : 

Copy  of  the  matriculation  register  of  Oxford  Ualverslty,  showing  tbe  name 
by  which  Smithson  was  known  In  1782 — James  Lewis  Made. 

Several  portraits  of  the  founder. 

A  portrait  of  his  father,  Hugh  BmithBoa,  Dnke  of  NorthumberlaDd. 

TisltlQg  carda. 

Dinner  cards. 

BiB  library. 

Printed  copies  of  papers  on  chemical  subjects,  written  by  Mr.  Smithson. 

Collection  of-  autographs  of  scloitlflc  men,  on  notes  written  to  Mr.  BmlthBon. 

Hts  will,  showing  the  wording  that  made  the  Smithsonian  Inetltutlon  possible. 

[Inddentally,  the  secretary  spoke  of  the  collection  of  photographic 
portraits  of  Kegents  being  made  for  permanent  preservation,  and 
which  was  on  exhibition  in  the  main  hall.] 

ADJODRNMEMT. 

There  being  no  further  business,  on  motion,  the  board  adjourned. 
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ADVERTISEMENT. 


The  object  of  the  Genebal  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  dia- 
coTery  in  particular  directions;  reports  of  investigations  made  by 
collaborators  of  the  Institution;  and  memoirs  of  a  general  character 
or  on  special  topics  that  are  of  interest  or  value  to  the  numerous 
correspondents  of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regento  of  the 
Smithsonian  Institution,  from  a  very  early  date,  to  enrich  the  annual 
report  required  of  them  by  law  with  memoirs  illustrating  the  more 
remarkable  and  important  developments  in  physical  and  biologicai 
diflcovery,  as  well  as  showing  the  general  character  of  the  operations 
of  the  Institution;  and  this  purpose  has,  during  the  greater  part  of 
ita  history,  been  carried  out  largely  by  the  publication  of  such  papers 
as  would  possess  an  interest  to  all  attracted  by  scientific  progress. 

In  ISSO  the  secretary,  induced  in  part  by  the  discontinuance  of  an 
umuat  summary  of  progress  which  for  30  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1888. 

In  the  report  fer  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  misc^aneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  dis- 
cussion. This  method  has  been  continued  in  the  present  report  for 
1912. 
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THE  TEAR'S  PROGRESS  IN  ASTRONOMY.' 


By  P.  PuKOTi, 

iferiAer  of  0i«  Academy  ofSdenou,  Pmfator  at  (he  Soriome,  Attmumtr  at  the  Parit 

Obmvatory. 


I. 

It  is  an  illogical  peculiarity  of  the  human  mind  that  while  it  can 
not  comprehend  an  infinite  material  xmiverse  it  readily  refuses  to 
limit  it.  Those  celestial  objecta  which  hide  themselves  from  our 
curiosity  by  their  almost  inconceivable  distances  are  to  the  astron- 
omer the  most  attractive  of  all.  He  dislikes  to  realize  the  invariable 
appearance  of  the  nebulie,  or  that  he  can  not  measure  their  distances 
with  any  approach  of  accuracy.  Because  he  can  find  no  better  mode 
of  inquiry  he  improriaee  one  based  upon  a  reasonable  evolutionary 
theory.  The«e  impalpable  phantoms  he  puts  to  the  tests  of  his 
taws  of  mechanics,  of  physics,  to  the  reactions  of  chenustry,  a  legiti- 
mate procedure,  since  it  su^ests  consequences  the  verification  of 
which  he  may  attempt. 

The  spiral  nebuUe,  with  their  sharply  defined  structure  and  a 
spectrum  which  is  a  weakened  replica  not  too  much  alteted  of  the 
sun,  takes  us  into  a  re^n  relatively  well  known.  But  when  we 
consider  the  gaseousnebuhe,  those  pole,  imdefined  flakes  so  constituted 
that  they  have  defied  the  power  of  time,  how  can  we  establish  any 
connection  between  them  and  our  daily  experiences  t  Their  spec- 
trum brin^  us  little  help.  It  shows  in  the  most  favorable  circum- 
stances four  bright  enigmatic  lines  with  a  few  others  which  can  be 
identified  as  due  to  hydrogen  or  hehum. 

We  can  not  borrow  any  of  the  substance  of  the  nebulte  for  analyBis 
in  our  laboratory.  To  look  upon  each  unknown  line  as  an  indication 
of  a  new  element  would  be  easy  but  futile.  It  might  be  useful,  on 
the  other  hand,  to  invent  some  molecular  structure  for  some  one 
single  element  (which  we  will  call  nebulium)  capable  of  producing  all 
the  lines  of  unknown  origin.  That  is  just  what  J.  W.  Nicholson  *  has 
done,  who  applied  the  theory  of  Johnstone  Stoney  and  Ritz  regarding 
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the  origin  of  spectrum  limes.  With  four  negative  electrons  revolving 
ahout  a  positive  central  body,  1 2  of  the  mysterious  lines  were  explained, 
and  with  these  several  others  which  were  attributed  with  no  great 
certainty  to  hydrogen  and  hehum. 

Thia  demonstration,  of  course,  leaves  much  to  be  desired.  But 
it  ifl  evident  in  what  direction  we  must  proceed  to  complete  it.  It  is 
very  probable  that  hydrogen  and  helium,  because  of  their  complex 
spectra,  are  not  simple  elements.  What  glory  it  would  be  if  by 
some  well-chosen  process  we  could  decompose  either  of  them  and 
make  the  complete  spectrum  of  nebulium  appear  in  our  laboratory! 
Astronomers  could  then  hand  over  to  the  chemists  a  conquest  even 
more  precious  than  was  the  discovery  of  helium. 

While  waiting  for  the  realization  of  this  bold  synthesia  we  con- 
tinue to  proceed  by  analysis  and  classification.  All  the  conclusions 
formerly  held  about  nebuUe  demand  revision  because  of  the  amount 
and  value  of  the  recently  obtained  photographic  evidence.  Re- 
cently A.  R.  Hinka  '  has  devoted  himself  to  such  an  analysis.  With 
his  wonted  precision  he  haa  defined  the  characteristics  which  distin- 
guish the  various  classes  of  nebulee  and  star  clusters  and  has  found 
for  each  class  its  law  of  distribution  in  the  heavens.  We  must  dis- 
card the  convenient  and  very  simple  law  which  stated  the  frequency 
of  the  occurrence  of  nebulee  and  clusters  as  a  function  of  the  galactic 
latitude  only. 

There  is  a  clearly  marked  distinction  between  the  stellar  and  plane- 
tary nebuls  as  well  as  between  the  annular  and  spiral  ones.  This 
fact  gave  Stratton  '  a  strong  argument  against  the  theory  of  T.  J.  J. 
See,  who  attributed  a  common  ori^  to  the  last  two  kinds.  The 
cosmogony  of  See,  far  outrunning  the  possibihty  of  experimental 
evidence,  creates  other  difficulties,  and  it  seems  to  us  that  it  has 
made  no  progress  since  its  appearance  toward  being  accepted.  The 
same  thi^g  can  be  said  of  the  mutual  collisions  of  stars.  Bickerton  ■ 
has  come  forward  as  an  advocate  of  them,  and  they  should,  accord- 
ing to  hint,  give  birth  to  double  stars  as  well  as  to  planetary  systems. 
A  hazardous  theory  may  prove  useful  because  of  the  verifications  it 
necessitates.  For  instance,  Monk*  showed  that  we  ought  to  keep  tab 
on  the  displacements  of  the  spectrum  lines  so  as  to  know  in  advance 
of  imminent  collisions,  and  Forbes  '  demonstrated  that  by  a  similar 
process  we  could  obtain  evidence  concerning  the  rotation  of  certain 
stars  about  their  centers.  An  attempt  with  encouraging  results  has 
already  been  made  as  to  the  latter  problem  at  the  Allegheny  Observ- 
atory, 
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The  probability  of  a  collision  sometime  in  the  globular  clusters 
seems  especially  great.  They  are  considered,  with  good  reason, 
among  the  most  curious  objects  in  the  heavens.  If  we  auppoae  that 
the  closeness  of  the  stars  in  these  clusters  depends  on  the  distances 
of  the  stars  from  the  centers  of  the  dusters,  thrai  we  may  get  their 
real  distances  from  their  apparent  distances.  H.  C.  Pliumner  '  did 
so  for  M  13  *  and  found  groupings  which  would  have  been  predicted 
by  the  theory  of  gases  in  convective  and  isothermal  equilibrium. 
This  is  one  more  fact  to  make  us  believe  that  in  clusters  as  well  as  in 
the  nebube  the  force  of  gravitation  is  absent  or  held  in  check  by  some 
repulsive  force. 

We  indeed  go  yet  further  and  ask  whether  the  law  of  Newton  is 
always  applicable  among  the  stars  relatively  near  for  which  we  have 
been  able  to  measure  the  parallaxes  and  proper  motions.  We  possess 
decided  evidence  in  favor  of  the  affirmative  from  binary  stars,  in 
the  fact  that  their  proper  motions  follow  directions  more  often  par- 
allel to  the  galaxy  than  perpendicular.  But  there  are  also  motives 
for  doubt. 

W.  W.  Campbell,  by  means  of  his  valuable  catalogue  of  the  radial 
velocities  of  stars,  has  shown  that  the  Oiion  spectrum  type  is  always 
associated  with  small  velocities.  This  suggestion,  resulting  from  no 
preconceived  idea,  quickly  underwent  broader  developments.  It 
has  consiequently  become  of  philosophical  interest.  We  seem  to  have 
gained  now  in  the  old  system  of  classifying  the  stars,  which  was 
founded  upon  increasing  complexity  in  their  spectra,  at  the  same 
time  an  asc^iding  scale  for  their  velocities  and  a  descending  one  for 
thur  masses  and  distances  from  the  sun.  Of  course  thra-e  are  often 
individual  exceptions,  and  the  above  rules  apply  only  when  the 
stars  are  avwaged  in  groups. 

The  consequences  of  these  generalizations  have  been  skilfaUy 
followed  out  by  J.  Halm.*  It  was  an  advance  to  be  able  to  use  as 
criteria  for  a  classification  the  masses  and  velocities,  rather  than 
the  ages,  temperatures,  or  spectrum  types.  The  first  two  properties 
ore  more  fundamental  and  more  apt  to  enter  into  our  formulte.  The 
existence  of  a  correlation  between  the  mosses  and  the  velocities  is 
even  more  worthy  of  remark.  It  makes  us  wonder  whether  there 
is  an  equipartition  of  enei^gy  between  the  groups  of  stars  just  as 
there  is  between  the  molecules  of  a  gas  in  equilibrium.  Such  a  state 
would  not  have  resulted  under  the  influence  of  a  Newtonian  field  of 
force  including  all  the  stars.  Such  movements  are  rather  the  final 
consequence  of  an  initial  velocity  varying  widely  between  neighboring 
stars.  Further,  the  predominance  of  yellow  stats  near  our  sun  and 
of  white  stars  farther  away,  the  existence  of  an  ellipsoidal  distribution 
of  the  Irajectories  in  the  central  part  of  our  universe,  establishes 
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between  the  milky  w&y  and  the  great  spiral  nebulte  a  singularly 
closer  analogy  than  we  bad  felt  warranted  in  supposing  until  quite 
recently, 

The  new  star  discovered  December  30,  1910,  in  the  oonatellatioii 
of  the  Lizard,  has  followed  ita  predicted  career,  fading  rather  slowly. 
It  becomes  more  and  more  certain  that  temporaiy  stars,  even  when 
they  show  the  ruddy  aspect  of  certain  periodic  varisbles,  show  less 
difference  between  the  visual  and  photographic  mt^oitudes. 

The  polar  star  often  used  as  a  standard  for  photometric  compari- 
sons because  it  remains  constantly  at  practically  the  same  altitude, 
sedms  to  have  abdicated  that  r6le  and  passed  into  the  ranks  of  the 
variable  stars.  In  order  to  show  its  variability,  Hertzsprung  * 
went  through  the  discussion  of  418  photographs,  each  having  four 
exposures.  The  variation  amounts  to  0.2  of  a  magnitude  and  takes 
place  in  leas  than  four  days. 

n. 

The  step  from  variable  stars  to  the  sun  is  very  easy.  It  is  espe- 
cially so  because  of  the  recent  work  of  C.  G.  Abbot.*  Measures  upon 
the  intensity  of  the  solar  radiation  made  simultaneously  on  Mount 
Wilson  (1,800  meters  altitude)  and  on  Mount  Whitney  (4,420  meters) 
gave  very  concordant  results  and  the  parallel  .march  of  the  numbers 
places  beyond  doubt  a  v^y  decided  variability  of  the  sun  which  may 
amoimt  to  a  tenth  of  the  total  radiation  within  a  few  days.  - 

The  work  of  Abbot  tends  ako  to  show  that  the  precision  with  which 
we  may  state  the  temperature  of  the  sun  has  been  ex^igerated.  There 
are  in  the  sun  sources  of  heat  from  5,000°  up  to  some  7,000".  How- 
ever, the  higher  temperatures  predominate.  The  infra-red  radiation 
comes  from  the  deeper  layers. 

Some  years  ago  the  researches  of  Halm  appeared  to  indicate  that 
the  rate  of  rotation  of  the  sun,  varying  as  we  knew  with  the  solar 
latitude,  varies  also  synchronously  with  the  sun-spot  cycle.  The 
investigation  of  this  matter  remains  upon  the  program  of  the  Edin- 
burgh Obaervatory.  But  between  the  results  obtained  by  Storey  and 
those  by  Adams  at  Moimt  Wilson  there  is  a  systematic  difference.  It 
might  be  suspected  that  wiUi  one  or  the  other  the  distance  of  the  sHt 
of  the  spectroscope  from  the  edge  of  the  sun  was  not  correctly  deter- 
mined. Or  the  cause  of  the  discrepancy  may  lie  in  the  telluric  oxygen 
linee  used  for  comparisons. 

I^Le  established  but  not  absolutely  regular  correlation  which  exists 
between  magnetic  disturbances  and  the  appearance  of  stm  spots  seems 
to  have  been  made  decidedly  clearer  by  the  researches  of  Bosler,  of  the 
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observatory  at  Meudoti.  Bosler  has  succeeded  in  proving  that  in 
each  locality  there  is  a  definite  direction  not  only  for  the  earth  cur- 
rent but  also  for  the  disturbed  magnetic  field  and  this  takes  place  as 
if  due  to  the  direct  action  of  a  current  upon  a  magnetized  needle. 
Another  reanlt  of  the  same  research  was  to  show  yet  more  clearly  that 
the  years  when  the  sun  spots  hare  been  the  most  numerous  have 
been  those  when  Encke's  comet  has  been  the  most  brilliant. 

The  total  aolar  eclipse  of  April  28,  1911,  waa  observed  by  several 
expeditions  sent  for  that  purpose  to  Vavau  of  the  Tonga  Islands. 
The  weather  was  unfavorable.  We  must  mention  in  passing  one  new 
result,  the  photograph  taken  by  Father  Cortie  of  the  extreme  red  end 
of  the  bright  line  spectrum. 

The  army  of  minor  planets  continues  to  grow.  The  most  inter- 
esting without  doubt  was  that  observed  on  October  3  and  4  atVienna 
and  Copenhagen  and  designated  by  the  letters  MT.  Its  motion  detei^ 
mined  at  that  time  indicated  that  its  distance  was  as  small  as  that  of 
Eroa.  But  it  could  not  be  found  again  on  subsequent  days.  We  are 
forced  to  believe  that  its  brightness  varies  rapidly  and  that  it  was 
visible  on  the  earlier  dates  because  of  an  exceptional  temporary 
brightness. 

Birkland,  while  trying  to  reproduce  the  solar  corona  by  means  of 
the  luminous  phenomena  about  an  electrified  sphere,  got  a  very  close 
representation  of  the  ring  system  of  Saturn.  He  was  thus  led  to  pro- 
pcffle  a  new  theory  of  those  singular  objects.  Particles  of  radiant 
matter,  emitted  from  Saturn,  reach  a  certain  distance,  make  their 
revolutions  according  to  the  third  law  of  Kepler,  and  serve  as  absorb- 
ers and  resonators  for  the  luminous  enei^y  coming  from  the  sun. 

The  flattening  of  the  planet  Mars  and  the  orientation  in  space  of  its 
axis  of  rotation  rested  imtil  recently  upon  very  discordant  data  from 
the  micrometer.  H.  Struve,  in  a  communication  to  the  Berlin  Acad- 
emy of  Sciences  (Nov.  30, 1911),  showed  that  by  a  very  laborious  but 
surer  process  depending  on  the  variations  in  the  orbits  of  its  sateUites, 
he  had  reached  much  better  values.  The  best  series  was  furnished 
by  the  powerful  instruments  of  the  Lick  and  the  Yerkes  Observsr 
toriee.  A  very  useful  series  of  photographs  of  the  sateUites  was  ob- 
tained at  the  observatory  at  Pulkova  hyKostinsky.  The  figure  190.4 
for  iJie  reciprocal  of  the  flattening  and  202.7  for  the  ratio  of  the  force 
of  gravity  to  the  centrifugal  force  at  the  equator  will  doubtless  receive 
only  insignificant  changes. 

The  topography  of  the  moon  will  now  have  a  more  solid  basis  as  the 
result  of  the  catalogue  of  2,885  objects  published  by  Saunder  and 
based  upon  measures  of  plates  taken  at  the  Paris  and  the  Yerkes 
Observatories.  It  is  already  in  use  at  the  Paris  Observatory  in  a 
study  of  the  Ubration  of  the  moon.  The  uncertainty  of  a  position 
derived  from  three  plates  appears  to  be  less  than  0.15".    On  our  own 
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globe  there  are  many  extended  regions  which  have  no  points  so  accu- 
rately determined. 

The  year  1911  saw  published  the  tables  of  the  moon  based  upon  the 
theory  of  Delaunay  and  forming  volume  7  of  the  Annales  du  Bureau 
des  Longitudes.  An  introduction  of  112  pages,  where  not  a  line  is 
superfluous,  allows  us  to  form  an  idea  of  the  mangitude  of  the  task. 
Delaunay,  Tisserand,  and  R.  Radau  have  successively  given  to  the 
task  the  last  years  of  their  lives  and  were  assisted  by  Schulhof .  An 
analogous  undertaking  was  carried  out  in  America  by  Prof.  E.  Brown; 
the  French  astronomers  by  finishing  first  have  honorably  maintained 
the  tradition  established  by  Laplace  and  Le  Verrier.  All  the  errors, 
although  very  small,  known  in  the  works  of  Hansen  and  Delaunay, 
have  been  corrected.  But  it  was  impossible  to  break  away  from  all 
empiricism  and  there  remains  an  inequality  of  long  period  (273  yeare) 
discovered  by  Newcomb.  Newcomb  gave  up  trying  to  find  an  expla- 
nation. More  optimistic,  R.  Radau  believes  the  cause  can  be  found 
in  cosmic  dust  and  the  infra-mercurial  planets. 

A  new  determination  of  the  parallax  of  the  moon,  due  to  the  collabo- 
ration of  the  Cape  and  the  Greenwich  Observatories  has  been  carried 
out  after  six  years  of  work.'    The  value  generally  used  waa  confirmed. 

III. 

The  result,  at  first  sight  rather  small,  of  a  considerable  effort,  is  not 
to  be  understood  as  minimimng  the  desire  often  expressed  of  substi- 
tuting for  the  classic  method  of  charting  the  sky  more  rapid  and  more 
accurate  methods.  What  is  aimed  at  everywhere  is  the  suppression 
of  the  measures  of  moderately  large  angles  by  the  readings  of  divided 
circles.  More  confidence  is  placed  in  measures  of  time  intervals  and 
the  extension  of  such  a  method  is  to  be  expected. 

W.  E.  Cooke  proposed,  for  the  determination  of  right  ascensions, 
not  to  use  a  meridian  circle  but  rather  a  telescope  whose  optic  axis 
when  rotated  about  a  vertical  axis  intersects  in  the  heavens  a  small 
circle  parallel  to  the  horizon.  We  could  by  such  means  divide  the 
celestial  equator,  or  any  parallel  circle  with  an  accuracy  comparable 
with  the  precision  of  our  best  clocks.  The  declination  of  the  stars 
would  be  determined  from  the  times  when  they  reached  a  determined 
altitude.  The  axis  of  the  telescope  must  therefore  be  maintained  at 
a  constant  altitude.  At  various  times  the  realization  of  this  condi- 
tion has  been  attempted  with  telescopes  on  floating  mounts.  Cooke 
places  faith  in  a  vertical  axis  and  level. 

Among  the  disadvantages  of  the  meridian  instrument  is  the  neces- 
sity that  each  celestial  point  has  to  be  separately  determined  and  that 
great  intervals  can  not  be  measured  as  accurately  as  small  ones. 
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That  photography  can  deal  with  small  interrals  with  rapidity  and 
great  accuracy  has  been  repeatedly  shown.  But  it  is  desired  to 
free  the  photographic  plate  from  any  dependency  upon  the  merid- 
ian circle.  H-  H,  Turner'  has  devised  a  very  complete  scheme. 
He  proposes  to  gather,  on  the  same  plate,  images  of  very  distant 
portions  of  the  sky,  and  believes  he  can  roister  with  the  necessary 
precision  the  beginning  of  each  exposure.  The  plan  of  Turner  in- 
cludes the  \ise  of  two  photographic  telescopes  mounted  at  right 
angles  to  each  other  in  the  equator  and  adjusted  with  a  prismatic 
mirror.  The  project  has  received  the  approbation  of  the  Astronom- 
ical and  Astrophysical  Society  of  America.* 

But  these  methods  have  not  received  such  emphatic  approval 
everywhere.  Before  the  Royal  Astronomical  Society  Sir  David  Qill, 
Sir  William  Christie,  and  A.  E.  Conrady  showed  numerous  reasons 
for  fearing  errora  in  the  use  of  the  new  methods.  According  to  them, 
tile  status  of  the  meridian  circle  in  fundamental  astronomy  is  not 
yet  in  any  way  undermined. 

In  the  past  rival  processes,  even  when  recommended  by  illustrious 
Dames,  have  not  realized  the  hopes  of  their  promoters.  Such  was  the 
case  with  the  zenith  telescope,  or  the  alt-azimuth  as  introduced  at 
Greenwich  by  Airy  and  the  floating  telescope  in  the  hands  of  Chandler, 
Sampson,  and  Bryan  Cookson.  But  it  is  true  that  photography 
introduces  a  new  element  into  the  problem  and  the  experiments  now 
in  progress  at  Oxford  deserve  attention. 

The  resources  of  the  photographic  method  will  be  yet  greater  when 
it  is  possible  to  utilize  a  greater  field  upon  a  single  plate  without  the 
Information  of  the  images  near  the  edges.  Theoretically,  curved 
plates  could  be  employed  which  would  comport  better  with  the  focal 
surfaces  of  the  objectives.  Such  an  attempt  was  made  some  20  years 
ago  at  the  beginning  of  the  Celestial  Chart  project.  It  was  not  con- 
tinued in  use  because  such  curved  plates  were  not  adapted  to  the 
micrometrical  measuring  machines.  The  difficulty  has  been  over- 
come as  the  result  of  recent  experiments  at  the  Harvard  College 
Observatory.  The  sensitive  plate  serves  as  the  cover  of  a  metallic 
box,  from  which  the  air  may  be  removed.  The  atmospheric  pressure 
upon  the  plate  produces  the  desired  curvature.  When  the  air  has 
been  reintroduced,  after  the  exposure,  the  plate  losses  its  curvature 
and  is  developed  and  measured  without  difficulty. 

A  conference  was  held  in  Paris  in  October,  1911,  by  the  representa- 
tives of  all  the  great  nations  which  publish  official  ephemerides 
{France,  Germany,  the  United  Kingdom,  the  United  States  of  Amer- 
ica). The  resolutions  unanimously  adopted  after  very  amicable  dis- 
cussions will  introduce  important  economies  in  efforts,  which  up  to 
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the  present  time  have  been  duplicated.  The  positions  of  the  planets 
will  be  determined  only  by  two  indeftendeot  systems  of  tables. 
Greenwich  time  will  be  imiversally  used  for  the  ephemerides  and 
unity  will  be  observed  for  the  more  important  constante  (solar  paral- 
lax, precession,  nutatooQ,  aberration) .  The  campaign  actavely  pushed 
during  recent  yeais  for  carrying  the  aberratien  constant  from  20.47" 
up  to  20.53"  can  be  considered  as  having  failed.  The  latter  figure 
is  irreconcilable  with  the  solar  parallax  obtained  from  the  general 
diacuBsion  of  the  Eroa  observationa. 
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■niE  SPIRAL  NEBULA. ' 


By  P.  PmaBux, 
Jftinl«r  of  the  Aeademy  of  Sdenea,  ProftMtor  at  At  Sorbonne,  Attrwumur  at  Ihe  Pant 
Obga^Xttory. 


The  people  whom  we  clium  as  our  direct  inttdlectual  ancestors 
vished  to  find  nothing  in  the  sky  but  sphOTical  forms  and  circular 
moToneaits.  The  Greeks,  lovers  of  an  exact  geometry,  the  Latins, 
enamored  of  order  and  logic,  took  pleasure  in  simple  combinationa. 
They  would  not  willingly  admit  into  the  celestial  throng  clouda  of 
indefinite  and  complicated  form.  Such  indefinite  forms  must  belong 
to  the  Bublunar  world.  Comets,  with  their  hairy  aspect,  passed 
as  meteors,  taking  their  birth  and  vanishing  within  our  atmosphere. 
In  the  Milky  Way  some  saw  an  accidental  derogation  of  the  unt- 
T^sal  order  or  the  trace  of  an  imperfect  joining  of  the  two  halves 
of  the  celestial  sphere.  Others  guessed  it  to  be  a  mass  of  number- 
tees  stars,  too  small  and  too  distant  to  be  separately  seen.  Thero 
was  no  need,  indeed  no  poasibilty,  of  searching  further.  To  those 
whom  the  idea  of  something  beyond  troubled,  the  existence  of  an 
empyrean  was  conceded,  a  luminous  r^on  situated  beyond  the 
Gtars,  to  which  only  those  had  access  whose  souls  had  become  freed 
from  the  bonds  of  fleeh. 

But  astronomy,  do  more  than  the  other  physical  sciences,  has 
kept  within  the  bonds  with  which  she  was  fettered  -in  the  name  of 
philosophy.  No  sooner  was  the  telescope  invented  than  several 
observers  used  it  to  explore  the  sky.  Then,  as  had  been  foreseen, 
the  Ifilky  Way  was  resolved  almost  entirely  into  separate  luminous 
points.  But,  it  is  true,  there  were  found  a  few  refractory  places, 
where  the  diffused  whiteness  persisted  in  filling  the  field  of  the  tele- 
Bcope.  Even  outside  the  limits  of  the  Milky  Way,  several  such 
niasaes,  more  or  less  perceptible  to  the  naked  eye,  refused  to  be 
decomposed.  Simon  Marius,  in  1612,  noted  the  great  nebula  of 
Andromeda,  which  suggested  to  him  the  comparison,  somewhat 
trivial  yet  suggestive,  of  the  flame  of  a  candle  seen  throi^h  hom. 
This  pale  glow,  watched  for  many  years,  seems  to  rest  absolntdy 
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unchanged  when  compared  with  the  adjacent  stars.  It  is  therefore 
neither  a  planet  nor  a  meteor.  It  belongs  to  our  sun  no  more  than 
to  the  earth.  Accordingly,  if  we  admit  the  Copemican  theory,  we 
must  attribute  to  this  nebula  colossal  dimensions,  far  ezfjeeding  the 
distance  which  separates  the  earth  from  the  sun. 

Nor  is  the  nebula  of  Andromeda  mi  isolated  case.  Christian  Huy- 
gens  made  a  drawing  in  1656  of  a  nebula  in  the  constellation  of  Orion, 
a  more  brilliant  and  more  extended  object  the  outlines  of  which  he 
found  very  difficult  to  trace.  On  one  side  only  was  it  sharply  de- 
fined against  the  adjacent  sky.  Elsewhere  it  faded  into  indistinguish- 
able nebulosity.  Does  it  not  seem,  mused  Huygens,  as  if  he^e  w©  are 
looking  upon  a  new  world,  perhaps  upon  the  legendary  empyrean? 
This  feeble  veil  scarcely  alters  the  aspect  of  the  stars  which  shine 
through  it  or  are  projected  upon  it. 

This  somewhat  summary  sketch  of  Huygens  was  only  vaguely  con- 
firmed by  those  of  Picard  and  of  Legentil  who  came  seTeral  years  later. 
The  only  common  trait,  indeed,  was  the  dark  gulf  which  hollows  out 
the  central  part.  No  part  of  it  seemed  sufficiently  definite  for  the 
detection  of  possible  changes. 

During  the  eighte^th  century  the  number  of  known  nebulie  in- 
creased dowly.  Several,  upon  closer  esaminatjon,  proved  to  be  dus- 
ters of  small  stars.  Those  whose  aspect  remained  flocculent,  despite 
all  efforts  to  resolve  them,  often  deceived  the  c^et  seekers,  who, 
after  verification,  saw  their  cherished  hope  of  making  *the  discovery 
of  a  new  planetoid  disappear.  Messier,  more  than  once  thus  caught, 
undertook  to  remove  this  cause  of  trouble  and  in  17S4  published 
a  catalogue  of  these  objects,  containing  nearly  all  the  nebnlte  easily 
seen  above  the  horizon  at  the  latitude  of  Paris. 

At  the  same  time  a  great  advance  was  made  in  Ehigland  in  the  means 
of  observation.  The  mu^cian,  W.  Herschel,  succeeded  during  his 
leisure  hours  in  figuring  and  mounting  telescope  mirrors  much  greater 
and  much  more  perfect  than  had  ever  been  made  before.  In  the  &tid 
of  these  instruments  nebulte  appeared  in  an  absolutely  unezpeeted 
profusion.  Thus  there  arose  a  new  branch  of  astronomy  to  be  d»- 
veloped.  Herschel  set  to  work,  aided  by  his  sister  Caroline,  and  yrith 
remarkable  perseverence,  at  the  same  time  pursuing  other  reseaiohes, 
catalt^ed,  from  1786  to  1802,  some  2,500  nebulte.  Many  of  these, 
upon  doscr  examin^on,  were  resolved  into  stare.  W.  Herschel 
was  led  to  bejieve  that  all  could  be  so  resolved  and  that  any  one  of 
these  scarcely  visible  flocculent  specks  would,  to  an  observer  propoly 
mtuated,  appear  like  a  stellar  universe  as  rich  as  that  which  surrounds 
us  and  which  is  evident  to  our  eyes  through  the  miU^  way. 

The  work  of  W.  Herschel  was  completed  for  the  Southern  Hemi- 
sphere by  his  son  John,  who  transported  in  1834  to  the  Cape  of  Qood 
Hope  one  of  the  best  telescopes  constructed  at  Slough  by  his  father. 
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Under  a  s^  more  transparent  than  that  of  England  the  hsrreBt  was 
ytA  richer  and  the  general  summaiy  published  in  1864  gave  the 
poaiiions  of  5,079  of  these  objects.  Very  few  nebula  found  later 
worthy  of  interest  escaped  the  eyes  of  the  Herschels. 

No  thought  was  taken  at  that  time  as  to  what  could  be  the  origin 
of  these  curious  objects.  Their  vague  aspect  gave  little  faith  in  their 
permanency.  At  one  time  the  hope  was  held  that  they  might  rapidly 
change  before  our  eyes.  Laplace,  after  meditating  upon  the  spheri- 
cal or  flattened  figures  of  the  planets,  upon  the  existence  of  the  ring 
system  of  Saturn,  upon  the  close  coincidence  of  the  planes  of  the 
equators  and  the  orbits  of  the  planets,  became  convinoed  that  the 
Sim  and  the  planets  must  have  once  been  parts  of  the  same  laige, 
very  diffuse  cloud.  We  might  then  expect  the  history  of  the  solar 
EQTsteDa  to  repeat  itself  among  the  many  other  nebulous  clouds  in  the 
realms  of  space.  What  would  be  more  natural  than  to  see  among  the 
nebul»  successive  stages  in  this  evolution  from  such  clouds,  the 
material  of  suns  and  planets  of  the  future.  And,  accordingly,  he 
devised  that  celebrated  hypothesis  which  has  since  been  the  cause  of 
BO  many  polemics. 

For  the  convenience  of  reasoning,  Laplace  gave  to  his  primitive 
cloud  a  figure  of  revolution,  a  general  rotation  about  an  axis  and  a 
density  decreasing  regularly  from  the  center  outward.  Upon  all 
these  points  the  great  mathematician  showed  no  spirit  of  intolerance, 
and  would  have  willingly  consented  to  improvements.  But  it  was 
much  later  that  objections  were  raised. 

The  assiduous  observers  of  nebulee  found  that  these  objects  were 
mostly  of  a  much  less  simple  structure.  This  was  shown  first  by  the 
principal  nebula  of  Orion,  which  was  selected  because  of  its  extent 
and  brightness.  Within  the  same  limits  where  Huygens  drew  a 
uniformly  bright  surface,  astronomers  provided  with  better  telescopes 
found  strong  contrasts  of  light  and  shade,  filaments  and  entangled 
jets,  indications  of  physical  connection  between  this  cosmic  cloud  and 
numerous  stars.  All  these  points  are  revealed  in  the  beautiful  draw- 
ings left  by  J.  IleiBchel,  De  Vico,  W.  Bond,  Lassell,  G.  Bond,  and 
Lord  Rosse.  The  diveigencies,  often  striking,  may  be. interpreted 
through  the  marvellous  plates  taken  by  Prof.  Ritchey  at  the  Yerkes 
Observatory  and  at  Mount  Wilson.  The  same  features  are  not  shown 
by  the  various  artists  and  by  the  chemical  processes.  Even  photo- 
graphic plates  have  their  "personalities"  as  well  as  artists.  How- 
ever, we  have  the  right  to  hope  that  the  plates  are  more  impartial  in 
the  features  which  they  reproduce.  The  long  exposures  employed 
often  destroy  the  details  easily  recc^nized  by  the  eye  in  the  central 
and  brighter  parts.  But  for  the  reproduction  of  the  faint  and  more 
extended  portions  the  superiority  of  the  plates  is  unquestioned. 
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To  sum  up,  the  great  nebula  of  Orioo  is  a  veiy  complicated  object, 
very  rebellious  against  graphical  representation  by  which  means  we 
had  hoped  to  show  by  a  comparison  of  drawings  what  changes  may 
have  taken  place  during  the  course  of  a  century.  The  early  drawings 
have  in  this  respect  very  little  value  and  the  elaborate  discussion 
which  Holden  baaed  upon  the  sketches  of  Bond  has  not  in  general 
been  found  conTincir^. 

This  nebula  departs  too  far  from  a  globular  form  or  rather  from  a 
figure  of  rotation  to  be  taken  as  giving  support  to  the  Laplacian 
hypothesis.  No  one  could  trace  in  it  a  prelude  to  the  formation  of  a 
narrow  and  regular  ring  surrounding  a  lai^er  central  body.  Several 
annular  nebulse  were  noted  by  W.  Herschel,  but  among  them  not  one 
had  a  nucleus  of  any  importance. 

If  we  must  find  in  the  sidereal  universe  a  picture  of  what  took  place 
in  our  system,  then  we  would  have  greater  hope  of  finding  it  among 
the  planetary  nebulee.  In  the  smaller  telescopes  they  appear  as 
small  round,  somewhat  brilliant,  diffused  spots,  but  in  stronger 
instruments  like  bright  stars  embedded  in  dense  atmospheres.  But 
such  systems  were  too  small  and  too  distant  to  teU  us  much  of 
the  details  of  their  structure  before  spectroscopic  methods  were 
developed. 

Such  was  the  condition  of  affairs  when  Lord  Rosse,  in  1850,  showed 
the  existence  of  a  distinct  series  of  nebuls,  having  besides  the  cen- 
tral nucleus  several  successive  envelopes.  But  these  envelopes, 
instead  of  being  separate  and  concentric,  as  the  advocates  of  Lafdace'a 
hypothecs  would  have  expected,  were  spiral  in  form.  They  showed 
streamers,  growing  progressively  larger,  at  first  in  the  direction  of 
the  radius,  then  curved  around  all  in  the  same  sense.  No  theory 
had  predicted  such  an  appearance. 

The  instrument  used  by  Lord  Rosse  and  made  under  bis  direction 
was  a  gigantic  telescope,  6  feet  in  aperture,  a  size  not  since  surpassed 
despite  many  courageous  attempts.  Judging  from  drawings,  it  could 
have  been  used  only  near  the  meridian.  Nor  was  sufficient  protec- 
tion provided  against  the  weather,  either  for  the  observer  or  the 
mirror.  The  necessary  access  to  the  upper  part  of  the  tube  was 
possible  only  by  the  use  of  heavy  and  complicated  maohineiy. 
Such  a  piece  of  apparatus  required  the  as^duous  and  careful  maneu- 
vering of  several  assistants.  Official  astronomera,  with  strict  limita- 
tions and  limited  means,  could  obtain  such  cooperation  only  with 
great  toouble  and  for  veiy  little  time.  Is  it  necessary  to  seek  further 
for  the  reason  why  the  great  instruments  of  Lord  Rosse  and  the 
Herschels,  despite  their  great  services,  had  such  a  short  career  and 
were  used  only  by  their  makers  f 
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The  object  which  first  seemed  to  ofiFer  to  Lord  Roese  sn  imusu&l 
character  is  numbered  51  in  Messier's  catalogue.  It  is  to-day  con- 
eidered  the  most  typical  and  the  moat  curious  of  the  spiral  nebulas. 
If  we  examine  hov  Lord  Rosse  drew  it  in  1860,  we  will  find  that  the 
rays  do  not  come  out  from  the  nucleus  in  all  directions  but  normally 
and  only  from  two  diametrically  opposite  redone.  The  curvature, 
pronounced  at  the  start,  decreases  later  but  irregularly.  One  of  the 
spirals  departing  further  from  the  center  terminates  in  a  secondary 
bright  nucleus.  The  principal  spiral  continues  its  patii  undisturbed 
and  completes  at  least  a  turn  and  a  half  before  fading  away.  The 
appearance  of  these  structures,  so  fine,  so  geometrical,  so  prolonged, 
gives  tJie  impression  of  a  rapid  whirling  movement. 

Long  afterwards,  in  1878,  Lord  Rosse  returned  to  this  same  object. 
The  general  appearance  remained  the  same,  but  the  number  of  fila- 
ments, their  fineness  and  regularity  of  curvatiu«  seemed  much 
decreased.  After  mature  examination,  it  appeared  that  the  eariy 
appearance  had  been  judged  too  geometrical  just  as  seems  to  be  the 
case  witii  the  canak  of  Mars.  It  looked  as  if  now  the  principal  spiral 
expands  into  the  secondary  nucleus. 

Again,  looking  at  the  same  object  as  photographed  by  Keeler  at  the 
Lick  Observatory,  it  is  evident  that  the  second  drawing  of  Lord  Rosse 
is  the  more  faithful.  But  other  important  details  are  brought  to 
hght.  The  junction  of  the  two  principal  spirals  with  the  main 
nucleus  is  no  longer  radial  but  tangential.  By  their  evident  discon- 
tinuity we  are  led  to  strongly  doubt  that  they  can  be  considered  as 
trajectories.  Various  points  of  the  two  spirals  are  the  origin  of  inde- 
pendent rays,  each  curved  in  the  same  sense  as  the  main  spiral  but 
with  entir^y  different  initial  directions.  At  the  starting  points  of  the 
secondary  rays  we  always  find  a  star,  or  if  we  look  closer,  a  group  of 
stars.  Upon  a  plate  of  the  same  nebula,  taken  by  Dr.  Isaac  Roberts, 
180  condensations  were  counted  on  the  lines  of  the  spirals. 

It  is  evidently  well  in  the  presence  of  such  inmiensely  vast  objects, 
so  different  from  any  that  we  have  at  hand  for  experiments,  to  build  ■ 
as  much  as  possible  on  firm  stnictm^  groundwork,  neglecting  no 
evidence  concerning  their  form,  their  structure,  or  distribution  in 
space.  Thus  armed,  we  may  approach  with  less  danger  their  life 
history  and  seek  to  know  how  these  strange  organisms  are  bom  and 
how  they  grow. 

First,  what  can  be  stated  as  to  the  distribution  of  tino  spiral  nebuln, 
for  instance  with  r^ard  to  that  most  natural  plane  of  reference,  the 
mean  plane  of  the  milky  way  ? 

If  we  consider  nebule  irrespective  of  class,  we  can  state  on  this 
score  a  well-defined  law.    These  objects  show,  as  to  their  direction 
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from  the  earth,  and  doubtless  also  as  to  their  absolute  position  in 
space,  a  marked  antipathy  to  Uie  plane  of  the  nulky  way,  the  galactic 
plane. 

This  fact  was  noticed  long  ago  by  the  philosopher  and  sociologist, 
Herbert  Spencer.  It  is  shown  by  the  often-published  figure  con- 
structed by  Proctor.  The  principal  catalogued  nebulae  are  indicated 
by  BO  many  points.  The  white  spot  near  the  south  pole  corroaponds 
to  the  Magellanic  Clouds,  a  small  region  where  nebulffi  and  clusters 
abound.  A  place  of  similar  nature,  though  less  important,  lies  in  the 
northern  hemiaphero  dose  to  the  milky  way.  Apart  from  these  two 
exceptions,  the  milky  way  traverses,  throughout  nearly  all  its  whole 
extent,  regions  poor  in  nebulra  which  cluster  chieSy  near  the  north 
pole  of  the  milky  way. 

But  is  tluB  law  of  distribution  the  same  for  the  spiral  nebultet 
For  some  years  it  was  generally  admitted  that  it  was  not,  that  the 
spirals  were  irregularly  distributed  as  regards  the  milky  way.  We 
might  therefore  treat  them  as  strangers  and  keeping  in  mind  their 
cJrcumTolutions,  bifurcations,  gaps  and  the  fact  that  th6y  inclose  so 
many  stars  and  clusters  of  stars,  consider  each  one  as  an  independent 
toiU^  way. 

TcHday  that  conclusion  does  not  seem  so  assured  since  Keeler  has 
pointed  out  that  many  of  the  faint  nebulffi,  showing  to  the  naked  eye 
no  trace  of  a  central  nucleus  or  spiral  structure,  reveal  on  long- 
exposure  photographs  both  these  characteristics.  Now  we  are  begin- 
ning to  ask  whether  the  greater  number  of  nebuUe  are  not  spiral  and 
whether  statistics,  including  all  of  them,  would  not  show  that  the 
great  majority  of  these  objects  are  related  to  the  milky  way.  A  pho- 
tographic coloration  of  the  entire  sky  with  a  powerful  instrument  is 
necessary  to  solve  this  problem. 

Apart  from  their  structure,  which  too  often  escapes  us,  is  there  no 
other  easily  determinable  characteristic  which  may  serve  to  classify 
the  nebulse !  Could  we  not,  for  example,  group  them,  as  wo  have  the 
stars,  according  to  the  richness  of  their  spectra  in  absorption  lines  I 

Huggens,  trying  to  do  this,  noted  that  they  readily  fall  into  two 
classes.  One  shows  a  spectrum  composed  of  bright  lines  like  that  of 
a  gas  made  luminous  electrically.  These  are  often  called  the  green 
nebuln  because  the  greater  part  of  their  light  is  concentrated  in  a 
bright  green  line  in  their  spectrum  which  has  never  been  identified 
with  any  known  terrestrial  element.  Provisionally,  it  is  con^dered 
as  an  indication  of  an  imknown  element  which  has  been  named 
Tiehvlium.  Of  the  four  lines  to  which  the  spectrum  of  a  nebula  of 
this  class  is  usually  limited,  the  third  in  order  of  intensity  is  the  only 
one  upon  whose  origin  we  are  agreed.  It  belongs  to  the  spectrum  of 
hydrogen. 
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A  moderate  diBpereion  may  be  used  with  this  class  without  weaken- 
ing the  lines  of  the  spectrum  too  much.  Keeler  showed  tliat  the 
brightest  line  does  not  occupy  exactly  the  same  position  in  all  the 
green  nebule.  Naturally,  these  small  differences  are  mterpreted  as  a 
sign  of  radial  velocities.  The  1 4  nebulffi  for  which  satisfactory  results 
hare  been  obtained  give  for  the  radial  component  figures  ranging  from 
18  to  —64  kilometere  per  second.  There  is  a  predominance  of  nega- 
tive values,  evidently  not  because  the  green  nebulae  show  a  tendency 
to  approach  us,  but  because  the  greater  part  of  them  which  may  be 
easily  observed  are  situated  nearer  the  constellation  Hercules  toward 
which  our  aun  is  moving,  carrying  us  along  with  him.  Contrary  to 
what  is  true  of  the  nebuUe  in  general,  the  majority  of  the  green  nebula 
lie  in  the  mill^  way.  The  existence  of  these  gaseous  bodies,  owing 
their  light  to  a  more  or  less  extended  mass  of  gas,  has  been  considered 
as  furnishing  the  experimental  basis  formerly  lacking  for  the  La^da- 
cian  hypothesis. 

Interesting  as  these  results  are,  we  will  not  dwell  upon  them  as  they 
take  ua  sway  from  our  subject.  Indeed,  of  all  the  nebidie  whose 
^iral  structure  is  beyond  doubt,  not  one  belongs  in  the  class  just 
described.  Not  one  is  adapted  to  the  determination  of  its  radial 
velocity.  All  of  them,  as  well  as  the  great  majority  of  the  faint 
nebulee  without  definite  form,  shine  with  a  white  light  which  the 
pnsm  transfonns  into  an  apparently  continuous  spectrum.  This 
spectrum  is  too  faint  for  the  detection  of  absorption  bands.  However, 
there  is  some  justice  in  calling  it  purely  steUar.  The  white  nebuln 
owe  the  greater  part  of  their  light  to  the  stars  which  are  clustered 
within  them.  '  As  to  the  great  nebula  of  Andromeda,  which  is  the 
brightmt  of  the  spiral  nebuhe,  we  may  add  that  the  majority  of  the 
stars  of  its  central  portion  are  of  the  solar  type. 

The  contribution  of  the  spectroscope  to  the  study  of  the. spiral 
nebultt  is  on  t^e  whole  somewhat  restricted.  The  services  rendered 
by  photography  are,  on  tibe  other  hand,  inestimable.  The  great 
part  t^en  by  this  method  of  study  dates  from  the  invention  of  the 
seusitive  bromo^elatin  plates.  The  green  or  gaseous  nebulie, 
whose  light  more  strongly  affects  the  photographic  plate,  brought 
the  first  success.  The  photographs  of  Paul  and  Prosper  Henry,  of 
Isaac  Boberts,  and  of  Keeler  early  showed  evidence  of  a  physical 
relationship  between  the  stars  and  the  nebulta,  even  in  the  case  of 
the  gaseous  nebuke.  This  connection  is  yet  closer  in  the  spiral 
nebuln,  of  which  we  will  now  speak  exdusively. 

About  the  year  1900  they  were  looked  upon  as  rare  and  scattered 
objects.  Keeler  undertook  to  form  a  collection  of  the  most  remark- 
able nebulous  objects  and  was  led  to  the  two  following  unexpected 
conclusions:  First,  many  nebuUs  formerly  classed  as  globular,  annular, 
85360°— BM 1812 n 
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or  fusifono  show  the  aphral  form  on  plates  taken  with  special  caxe; 
second,  all  exposures  euffidently  long  to  photograph  one  of  these 
objects  lead  to  the  discovery  of  m&nj  other  similar  objects.  The 
number  of  spirals  is  much  greater  than  had  been  supposed,  and  they 
may  include  the  majority  of  the  nebules.  These  results  were  obtcuned 
on  Mount  Hamilton,  Cal.,  where  a  rich  American,  James  Lick,  has 
founded  the  observatory  which  bears  his  name.  No  astronomer  can 
visit  this  model  observatory  without  envy  and  admiration. 

The  order  in  which  we  t^e  up  the  objects  in  the  rich  collection  of 
Keeler  may  evidently  be  open  to  critidsm  until  an  accord  is  established 
upon  a  definite  theory.  No  one,  surely,  would  suppose  that  the  nebula 
have  always  existed  just  as  they  are  or  that  they  have  acquired  a 
final  shape.  We  must  look  upon  them  as  still  in  the  process  of  change, 
l^e  question  we  will  for  the  moment  consider  is  whether  they  are  in 
the  process  of  condensation  or  expansion;  whether  the  spirals  are 
flowing  out  from  or  into  the  center. 

Before  forming  a  too  hasty  decision,  let  us  first  examine  the  laiger, 
more  mas«ve  nebulfS,  where  the  spirals  are  small  and  unimportant 
in  comparison  with  the  central  nucleus.  Afterwards  we  will  con- 
sider the  more  dilated  ones,  where  the  greater  part  of  the  matter 
seems  dispersed  into  the  spirals.  Then  we  will  consider  in  i^ch 
direction  it  is  easier  to  suppose  the  transition. 

In  each  class  we  shall  place  in  the  first  rank  those  which  have  the 
most  nearly  circular  appearance;  that  is,  those  whose  plane  is  normal 
to  our  line  of  sight  and  which  will  enable  us  to  interpret  better  the 
other  nebuUe  seen  at  less  favorable  angles  or  even  edgewise. 

Having  completed  that  task,  we  needs  must  ask  of  what  are  the 
spiral  nebuln  formed;  in  what  way  are  they  changing!  Could  we 
answer  these  two  questions,  then  we  would  ask  two  others  still  more' 
ambitious.  How  were  the  spiral  nebuhe  formed,  and  what  will  be 
thdr  endf  But  such  questions  may  for  a  long  while  yet  be  premar- 
ture,  and  I  believe  I  thus  voice  the  opinion  of  our  master,  Poincar6, 
if  I  rightly  interpret  the  conclusions  stated  in  his  recent  book  on 
cosmic  hypotheses. 

It  seems  to  me  that  the  elements  of  the  spiral  nebulss  con  be  nou^t 
ebe  than  collections  of  groups  of  stars,  whence  comes  the  abundance 
of  the  luminous  points  scattered  in  the  outer  portions  of  the  spirals 
where  they  can  be  separately  seen.  A  cosmic  doud  formed  of  sub- 
tler elements  could  never  show  such  sharp  outlines,  nor  reveal  such 
cleaivcut  divisions.  'Rie  continuous  spectra  must  lead  us  to  sup- 
pose that  even  in  the  central  portions  stars  predominate,  enveloped, 
if  you  will,  in  a  common  atmosphere  which  diffuses  their  light. 

Some  might  ai^e  that  if  the  spirals  are  formed  of  stars  they  would 
be  brighter.    I  do  not  see  that  necessity.    The  distance  of  the 
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spirals  is  immenfie,  much  greater  than  that  of  the  mean  distanoe  of 
dte  Daked-eye  stars,  because  all  the  Tiaible  stars  inclosed  in  the  spirels 
are  teloscopic.  The  light  of  such  stars  reaches  us  weakened  by  their 
enormous  distances  and  doubtless  by  an  intersteUer  absorbing 
medium. 

When  we  consider  the  great  number  of  ihe  stars  embedded  in  a 
nebula  like  that  of  Ursa  Major  (MlOl),  or  that  of  Andromeda,  it 
seems  as  if  we  rather  minimize  their  importance  either  in  using  these 
nebula)  to  construct  a  solar  system  or  by  regarding  them  as  the  result 
of  some  very  improbable  accidental  collision.  A  single  nebula  is, 
in  my  o|Hnion,  capable  of  grving  birth  to  many  stars,  indeed,  to  many 
clusters.  By  the  range  in  th^  development,  the  variety  of  their 
structure,  the  great  spirals  are  comparable  without  exaggerations  to 
the  mill^  way  itself. 

I  believe  l^at  we  should  not  derive  from  our  latest  studies  the 
theories  of  Chamberlain  and  Kfoulton  or  of  Prof.  Arrheniufl,  all  three 
of  whom  interpret  the  spirals  as  due  to  a  collision  of  two  stare.  Mr. 
T.  J.  J.  See  has  rused  very  strong  objections  against  such  theories 
in  his  recent  work,  "The  Evolution  of  Stellar  Systems,"  a  book  full  of 
erudition  and  ingenious  views,  but  one  whose  uncompromising  dog- 
matism must  arouse  opposition.  According  to  Mr.  See,  we  must 
not  present  an  explanation  to  our  learned  pubUc  as  possible,  but  as 
absolutely  necessary.  Is  the  stellar  cosmogony  of  Mr.  See,  for  he 
has  one  of  his  own,  truly  one  of  those  to  whidi  we  must  subscribe 
without  discussion  and  hold  as  definitive^  He  makes  a  spiral  have 
its  birth  in  the  meetii^  of  two  clouds  of  very  elongated  form  which 
move  through  space  with  different  velocities  and  become  deformed 
before  uniting  under  the  influence  of  their  mutual  attraction.  Each 
spiral  marks  the  influx  toward  the  common  center  of  one  of  the 
original  clouds. 

I  fear  that  such  an  explanation  would  be  satisfactory  only  to 
readers  but  little  acquainted  with  the  objects  themselves.  It  is  not 
merely  two  concurrent  spirals  which  we  must  explain,  but  often 
four  or  five.  And  when  we  consider  the  parsimonious  scattering  of 
matter  through  space,  it  is  truly  difScult  to  admit  that  upon  the  path 
of  the  deflecting  current  there  will  appear  first  isolated  stars,  then 
clusters  of  stars  more  and  more  numerous  and  more  and  more  dense 
as  we  approach  the  place  of  conjunction.  I  do  not  see  whence  will 
be  gathered  the  matter  for  these  suns  if  there  is  no  centxal  condensa- 
tion, which,  according  to  See,  would  not  yet  have  been  formed.  To 
me  the  movement  in  spirals  must  be  centrifugal  and  dispersive.  l%e 
central  mass  shoots  out  intermittently  groups  of  stars,  giving  them  a 
great  initial  velocity,  but  the  impulsive  force  acts  only  for  a  ^ort  dis- 
tance.   The  final  movement  of  the  hberated  stars  is  governed  by  the 
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general  attractioD,  except  in  the  neighborhood  of  certain  pointe  of 
the  spirals  which  have  in  turn  become  centers  of  disturbances. 

The  spirals,  essentially  irregular  in  their  sections  and  projections, 
are  neither  currents  nor  trajectories.  The  axis  of  eac^  one  is  a 
synchronous  curve  of  the  places  which  at  any  given  instant  are  occu- 
pied by  the  products  of  a  prolonged  and  intermittent  eruption.  The 
latter  are  continually  evolved  in  the  same  central  mass  which  dowly 
turns  upon  itself.  The  spirals  therefore  tend  to  become,  with  increas- 
ing distances,  normal  to  the  radius.  The  general  motions  of  the 
matter  in  llus  class  of  nebulse  thus  conform  to  the  stellar  currents 
of  our  own  mill^  way  if  we  adopt  the  views  expressed  by  Sdiwarz- 
schild. 
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THE  RADIATION  OF  THE  SUN. 


By  C.  G.  Abbot,' 
Dinclor  of  Ihe  A*lnpb^/»eal  Obiervatary  o/  iht  Smiihtonian  Irutitution. 


[With  4  plates.] 


llw  sun  pnaeata  many  iateresting  aspects.  Although  controller 
of  tixe  Bcdar  sjBtWQ,  an  object  rich  with  beautiful  and  curious  features, 
the  nearest  of  the  fixed  stars,  and  typical  of  a  large  class  among  them, 
tixa  sun  also  has  a  still  greater  claim  on  human  interest  aa  the  foun- 
tain of  heat,  light,  and  life  upon  the  earth.  It  is  this  latter  aspect 
i^uch  we  shall  consider  mainly,  still  further  confining  our  attention 
almost  wholly  to  work  done  under  the  auspices  of  tiie  Smithsonian 
Institution. 

When  James  Smithson  died  in  Genoa  in  1829  he  left  his  estate, 
subject  to  certain  conditions,  "to  the  United  States  of  America,  to 
found  at  Washington,  under  the  name  of  the  Smithsonian  Institution, 
an  Establishment  for  ihs  increase  &  diffusion  of  knowledge  among 
men."  On  May  9,  1838,  by  decree  of  t^  English  Court  of  Chaooray, 
the  Smithson  bequest,  amounting  to  about  $500,000,  was  adjudged 
to  the  United  States.  By  the  act  of  establishment  in  1846  the  con- 
trol of  the  Smithsonian  Institution  is  vested  by  Congress  is  a  Board 
of  Regents,  comprising  the  Vice  President  and  the  Chief  Justice  of  the 
United  States,  three  Senators,  three  Kepresentatives,  and  six  private 
oitizena.  In  the  years  that  have  elapsed  the  Smithsonian  private 
funds  have  increased  by  gifts  and  economy  to  nearly  $1,000,000. 
For  many  years  the  ii^titution  has  adminbtered  the  annual  oon- 
gtoasional  appropriations  for  ihe  support  of  the  National  Museum, 
National  Zoological  Park,  Bureau  of  American  Ethnology,  Astro- 
physical  Observatory,  Bureau  of  International  Exchanges,  and 
International  Catalogue  of  Scientifio  Literature.  The  immediate 
administration  is  in  the  hands  of  the  secretary  of  the  Board  of 
R^mts,  at  present  I>r.  C.  D.  Walcott,  the  fourth  of  the  secretaries. 

Dr.  S.  P.  Lan^y,  the  third  secretary,  a  distinguished  American 
asbtinomer,  founded  in  1890  the  Astrophyaical  Observatory  of  the 
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S[ruthsoiiiB.a  Institution,  and  was  its  director  until  his  death  in  1906. 
Hia  own  principal  inTcstigatioiis,  and  those  of  the  Astropbjsical 
Observatoiy  begun  under  his  direction  and  still  continued,  have  lain 
in  the  field  of  measuring  the  quantity  and  quality  of  the  sun's  radia- 
tion, the  effect  of  the  earth's  atmosphere  thereon,  and  tho  dependence 
of  terrestrial  temperatures  and  plant  life  on  solar  radiation.  This 
is  a  utilitarian  branch  of  astronomy,  whose  applications  to  terrestrial 
concerns  may  be  expected  to  increase  in  future  years  and  result  in 
ihe  promotion  of  the  arts  of  meteorology  and  ^riculture.  But  the 
interest  of  such  studies  for  the  promotion  of  pure  knowledge  b  also 
very  high.  Let  us  imagine  that  the  Greek  philosophers,  the  Ara- 
bians, and  the  astronomers  of  Galileo's  time,  had  all  possessed  the 
means  to  measure  accurately  the  quantity  and  quality  of  solar  radia- 
tion. How  interesting  it  would  be  now  to  compare  their  measure- 
ments with  our  own,  and  determine  thereby  what,  if  any,  appreciable 
changes  have  occurred  in  2,500  years  in  that  enei^  which  supports 
heat  and  life  upon  the  earth!  The  astronomer  of  the  futm«  will 
have,  we  hope,  trustworthy  measurements  of  our  own  time  to  compare 
with  his  own.  Referring  to  another  branch  of  the  measurements 
which  I  am  to  bring  before  you,  our  knowledge  of  the  approximate 
temperatures  prevailing  in  the  sun,  and  our  conclusions  as  to  tlie 
sun's  nature  rest  on  such  work  as  is  being  done  at  Hiq  Smithsonian 
Astrophysical  Observatory, 

By  the  term  solar  radiation,  I  propose  to  your  minds  not  only  the 
solar  rays  which  affect  our  eyes  as  l^ht,  but  the  extensions  of  tiie 
spectrum  beyond  the  violet  and  beyond  the  red,  where  the  eye  is 
not  sensitive.  All  these  rays,  whether  visible  or  not,  may  be  absorbed 
by  blackened  surfaces  and  will  thus  produce  their  just  and  propor- 
tional effects  as  heat.  For  the  measurement  of  solar  radiatkHi, 
Langley,  about  ISSO,  invented  the  dehcate  electrical  thermometer 
shown  in  plate  2,  which  he  called  the  bolometer;  figure  8  of  plate  2 
shows  ite  most  important  part.  This  is  a  pair  of  tapes  of  platinum, 
each  about  1  centimeter  long,  0.01  cenlimeter  broad,  and  0.002 
centimeter  thick-  These  tapes  are  blackened  with  camphor  sm(^ 
or  by  a  deposit  of  platinum  black.  One  is  exposed  in  the  path  of 
the  rays  to  be  measured,  and  the  other  is  hidden.  Hence  one  tape 
is  warmed  with  respect  to  the  other.  Thereby  a  minute  electrical 
current  is  caused  to  flow  through  the  delicate  galvanometer  con- 
nected with  the  Wheatstone's  bridge,  of  which  the  tapes  form  two 
arms.  In  this  way  a  change  of  temperature,  which  may  be  as  small 
as  one-millionth  degree  Centigrade,  may  be  detected  in  ordinary 
pnMstice.  By  special  devices  the  eenaitiveness  may  be  increased 
beyond  this  one-hundred  fold.  But  though  so  sensitive  the  bolo- 
meter is  far  behind  the  eye  in  its  capacity  to  detect  faint  yellow 
light.    It  is  used  in  preference  to  the  eye  because  it  can  detect  and 
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correctly  measure  the  relalive  inteusities  of  rays  of  all  wave  lengths, 
whether  visible  or  not. 

The  indications  of  the  bolometer  may  be  automatically  observed 
by  photography,  and  thereby  the  solar  spectrum  may  be  exhibited, 
as  in  figure  1,  as  a  sinuous  line  wbose  elevation  above  the  base 
line  of  zero  radiation  gives  the  relative  intenrnty  of  the  different 
colored  or  invisible  rays.  The  two  curves  shown  are  taken  independ- 
ently about  an  hour  apart,  for  the  purpose  of  studying  the  increase 
of  intenaty  of  the  sun's  rays  of  different  wave  lengths  as  their 
path  in  air  diminishes  in  length  in  consequence  of  the  approach  of 
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the  Bun  to  the  meridian.  From  such  studies  the  results  shown  in  * 
figure  2  are  found.  The  upper  curve  represents  the  percentage 
transmission  of  a  vertical  column  of  air  above  Mount  Wilson  (ele- 
vation 1,750  meters),  while  the  lower  curve  shows  the  less  transmis- 
sion for  vertical  rays  at  Washington  (30  meters).  The  wave  lengtiis 
are  indicated  as  abscisaffl.  From  this  we  see  how  much  more  loss  Hie 
violet  rays  of  wave  length  0.40/i  suffer  than  do  the  red  rays  of  wave 
length  O.TOju  in  traversing  the  air. 

In  order  to  determine  the  quantity  of  the, solar  radiation,  we 
must  fix  our  conditions  ind^>endent  of  the  variable  losses  in  the 
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atmosplieire.  We  attempt,  there- 
fore, to  make  the  ohaervatlons  in 
such  a  manner  as  to  permit  a 
correct  cetimate  of  the  atmos- 
pheric losses,  so  that  the  result 
can  be  expressed  as  if  the  meas- 
urements were  made  in  free  space 
beyond  the  atmosphere.  But  of 
course  our  actual  work  must  be 
done  at  the  earth's  surface. 

We  express  solar  radiation  in 
heat  units  called  calories.  As  the 
bolometer  (pi.  2)  is  not  of  itscJf 
capable  of  giring  true  calories  we 
have  devised  an  instrument  shown 
in  figure  3,  a  standard  pyrheli- 
ometer,  so  called.  A  is  a  cham- 
ber of  nearly  the  dimensions  of  a 
large  test  tube,whose  Vails  are  hol- 
low and  adapted  for  the  circulation 
of  a  stream  of  water.  The  stream 
enteis  at  E,  bathes  the  walls  and 
rear  of  the  chamber  and  the  cone- 
shaped  receiver  of  rays  H,  and 
passee  out  at  F,  carrying  the  heat 
developed  by  solar  rays  which 
enter  the  chamber  by  the  meas- 
ured orifice  C.  At  D,  and  D,  are 
platinum  coils  adapted  to  measure 
the  rise  of  temperature  of  the  wa- 
ter due  to  solar  heating.  Know- 
ing t}ie  weight  of  water  Sowing  per 
minute,  the  rise  of  temperature 
and  the  area  of  the  opening  C  for 
aolar  rays,  their  intensity  is  deter- 
mined. As  a  check,  heat  may  be 
produced  electrically  in  tlie  cham- 
bw,  and  the  proof  of  the  accuracy 
-f  the  instrument  consists  in  find- 
*he  known  quantity  of  elec- 
'  introduced  heat  correctly 
\.  Another  simpler  in-  | 
for  everyday  use  is  the 
oyrheliometer  shown  in    j^  t^-otuauja> 
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figure  4,  which  may  be  standardized  against  the  wat«T-flow  instru- 
ment and  in  which  the  measurement  is  made  by  reading  a  thermom- 
eter at  stated  iutervala. 

In  measuring  the  intensity  of  solar  radiation  as  it  would  be  outside 
the  earth's  atmosphere  at  mean  solar  distance  (generally  called  the 
solar  constant  of  radiation)  it  is  important  to  select  a  station 
ons  is  slight,  and  where 
le  solar  rays  is  small, 
igton  is  a  poor  locality 
an  expedition  in  my 
f  Director  Hale,  of  the 
itory,  to  take  station 
,  £gure  1,  shows  some 
9  erected  by  Director 
yfith.  this  remarkable 
by  the  Mount  Wilson 
taff  has  been  wonder- 
The  Smithsonian  Ob- 
3unt  Wilson,  a  Uttle 
atively,  ia  shown  in 
re  2.  It  was  built  in 
small  plot  of  ground 
sd  from  the  Solar  Ob- 
atory.  A  cottage  has 
9  been  built  close  by  for 
irvers'  quarters. 
1  order  to  test  more 
oug^y  whether  we  can 
ed  truly  estimate  the 
)S  of  solar  rays  in  our 
Qsphere,  work  was  done 
)09and  IdlOundermy 
ge  at  Mount  Whitney 
20  meters),  the  highest 
ntain  in  the  United 
States.  To  further 
the  work  of  this  and 
other  scientific  expe- 
_  ditions  the   Institu- 

FlO.  4.— Tax  SILVKB-DESE  PTRHUJOUETIK. 

tionerectedonMotint 
Whitney  in  1909  the  stone  and  steel  shelter  shown  in  plate  4,  figure  1. 
My  apparatus  is  shown  in  plate  4,  figure  2.  With  Mr.  Marsh,  of  Lone 
Pine,  I  remained  two  weeks  on  the  summit  in  1909  and  again  in  1910, 
and  made  measurements  of  the  solar  constant  of  radiation  there,  while 
my  colleagues  made  similar  measurements  at  Mount  '^^^l8on. 


Fig.  2. 

Mount  Wilson  Equipment. 

^ilar  ohscrvaloo-  of  the  I 
Mtlar  obs«rvatoi)'  ol  the : 


npRlu  insmution.  L  jOOqIc 


Fia.  2. 
Obsefiving  Station  on  Mount  Whitney. 
riK-  J.— Park  tmiii  n.nr iilwerveR'  i|iiiini.-ts. 
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The  differences  betveea  the  results  obtained  simultaneously  at  the 
two  stations  were  between  1  and  2  per  cent.  But  considering  that 
the  optical  apparatus  used  oq  Mount  Wilson  compiiaed  a  silvered 
glass  mirror  coelostat,  an  ultra-violet  crown  glass  prism,  and  two  ail- 
vered  glass  mirrors,  while  that  on  Mount  Whitney  comprised  only  a 
quartz  priam  and  two  magnalium  mirrors,  and,  furthermore,  that  the 
pyrhehometers  employed  at  the  two  stations  were  read  at  very  differ- 
ent temperatures,  it  is  probable  that  the  slight  difference  found 
between  the  results  may  be  due  munly  to  experimental  differences 
and  implies  no  discrepancy  due  to  the  difference  of  altitude  between 
the  two  stations. 

This  concluGdon  seems  worth  emphaaiaog.  We  have  now  made 
simultaneously  solar-constant  determinations  at  sea  level  (Washing- 
ton), and  at  over  a  mile  altitude  (Mount  Wilson) ;  and  again  at  Mount 
Wilson,  and  at  nearly  3  miles  altitude  (Mount  Whitney).  Although 
both  the  quantity  and  the  quahty  of  the  solar  radiation  found  at 
these  stations  differ  very  much,  neither  the  "solar  constant"  nor 
the  distribution  of  the  solar  energy  in  the  spectrum  outside  the 
atmospho^,  as  fixed  by  the  wholly  independent  measurements  at 
these  three  stations,  differs  more  than  would  be  expected  in  view  of 
the  unavoidable  small  errors  of  observation.  We  seem  justified  in 
concluding  that  we  do,  in  fact,  eliminate  the  effects  of  atmospheric 
losses  and  actually  determine  the  true  quantity  and  quality  of  the 
Sim's  radiation  outside  the  atmosphere  as  we  might  do  if  we  could 
observe  in  free  space  with  no  atmosphere  at  aU,  to  hinder. 

Expeditions  to  Mount  Wilson  have  now  been  made  in  1905,  1906, 
1908,  1909,  1910,  191 1,  and  1912,  continuing  from  May  until  Novem- 
ber. In  the  earlier  years  the  observations  were  not  made  daily,  but  in 
1908, 1909, 1910,  and  1911  daily  determinations  of  the  solar  constant 
were  made  when  possible.  I  give  below  a  summary  of  this  work  up 
to  the  end  of  191 1,  and  with  it  also  the  results  obtained  at  Washington, 
1902-1907. 
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We  draw  ihe  conclusion  that,  for  the  epoch  1902  to  191 1,  an  object 
in  outer  space,  at  the  earth's  mean  solar  distance,  would  have  received 
radiation  on  surfaces  at  right  angles  to  the  solar  beam  at  the  mean 
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rate  of  1.93  calories  per  square  centimeter  per  minute.  What  a  prize 
votild  be  given  to  one  who  could  bring  us  similar  measurements 
dating,  let  us  say,  from  the  time  of  Archimedes  I 

Before  considering  the  possible  variability  of  the  sun  we  may  pause 
to  note  some  of  the  by-products  of  the  solar-constant  measurements. 
Referring  again  to  figure  1,  we  see  before  us  the  distribution  of 
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energy  in  the  sun's  spectrum  observed  at  a  particular  time  on  Mount 
Wilson  with  certain  apparatus.  Knowing  from  other  observations 
of  the  same  day  the  losses  suffered  by  the  rays  in  the  air,  and  being 
able  to  measure  also  the  losses  suffered  in  their  pass^[e  of  the  optical 
apparatus,  it  is  possible  to  compute  the  form  which  the  solar  energy 
spectrum  would  assume  if  observed  outside  otu:  atmosphere,  with 
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perfectly  traoBpareDt  apparatus  capable  of  fonniiig  a  normal  spe&- 
trum.  Such  a  curve  is  that  marked  "All"  in  figure  5.  It  is  marked 
"All"  because  it  refH'Qsents  the  mixture  of  rays  horn  all  parts  of  the 
son's  disk,  just  as  we  ordinarily  get  them. 

Figure  6  shows  a  number  of  curves  of  distribution  of  rays  along  a 
diameter  of  the  sun.  From  these  we  see  that  t^e  sun's  disk  is  not 
of  equfd  brightaees  from  edge  Uirou^.  center  to  edge,  and  iJiiat  the 
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contrast  of  brightness  is  far  greater  the  shorter  the  wave  length  con- 
ndered.  In  other  words,  the  sun's  edge  is  much  dimmer  compared 
to  its  center  for  the  ordinuy  photographic  plate  than  for  the  ^e 
because  the  plate  is  most  sensitive  for  violet  and  ultra-violet  rays, 
while  the  eye  is  most  sensitiTe  in  the  yeUow. 

Returning  again  to  figure  5,  the  other  curves  show  the  relative 
intensitieB  of  solar  energy  of  all  wave  lengths  taken  from  points 
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distant  zero  55,  82.6,  and  96  per  cent,  reepectively,  ftt>m  the  center 
of  the  Bun's  disk.  The  intensitiee,  as  you  see,  diminish  as  we  go 
out  toward  the  sun's  edge  in  all  wave  lei^ths,  but  most  rapidly  for 
the  shorter  wave-length  rays.  Hence  not  only  does  the  height  of  the 
energy  curve  alter,  but  its  form  <;hanges,  so  that  the  place  of  maximum 
intensity  shifts  toward  the  red  as  we  approach  the  sun's  edge.  This 
is  a  peculiarity  of  spectra  of  heated  bodies  at  successively  lower  tem- 
peratures. It  is  quite  reasonable  to  conclude  that  the  light  we  see 
near  the  edge  of  the  sun  comes  from  regions  of  lower  temperature  than 
that  which  we  get  from  the  center  of  the  disk.  This  is  probably 
because  our  view  is  cut  off  before  it  penetrates  very  deeply,  at  the 
edge,  because  we  are  there  looking  very  obliquely.    Thus  we  see  only 
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superficial  layera  at  the  edge,  uid  much  deeper  and  hotter  ones  st  the 
center.  But  all  these  temperatures  are  very  much  hi^er  than  any 
we  know  on  the  earth.  The  electric  arc,  for  instance,  is  said  to  be  at 
a  temperature  of  about  SiSOC  absolute  Centigrade.  From  the  form 
of  the  solar  energy  ciirve,  the  value  of  the  solar  constant,  and  other 
data  we  estimate  that  t&e  solar  temperatures  range  from  about  6,000" 
absolute  Centigrade  upward. 

As  the  temperature  of  the  earth  depends  almost  directly  on  the 
quantity  of  solar  radiation,  we  are  immediately  interested  to  inquire 
il  the  sun,  likeso  many  others  of  the  stars,  is  variable,  and  if  bo,  what 
corresponding  variations  are  produced  in  the  temperature,  cloudiness, 
and  rainfall  of  the  earth.  It  has  been  known  for  over  half  a  oentuiy 
that  the  sun  has  a  slight  variability  of  an  average  period  of  about  11 
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years,  oorreeponding  with  the  fluctuations  of  the  number  of  flun  spots, 
the  changes  in  form  of  the  solar  corona,  and  other  solar  phenomena, 
and  inducing  changes  in  the  prevalence  of  the  aurora  borealis,  the 
magnetic  force  and  declination,  and  other  terreBtrial  phenomena. 
Figure  7  shows  in  its  first  curve  the  variation  from  normal  of  the  tem- 
perature of  the  United  States,  second  the  variation  of  sun-spot  num- 
bers, third  and  fourth  the  fluctuations  in  tOTrestrial  magnetic  elements 
for  the  period  1878  to  1900.  It  would  be  of  great  interest  if  we  had 
accurate  solar-constant  measurements  to  compare  with  these  changes 
for  a  long  period  of  time.  Unfortunately  we  have  none  such  earlier 
than  1903  and  only  scattering  measurements  until  1905. 

In  figure  8  the  results  of  solar-constant  measurements  on  Mount 
Wilson,  1905  to  1909,  are  given.     On  their  face  they  indicate  a  fluctua^ 


■  I  Am  190e  K 
VbIdm  glytn  la  calnlra  pa-  ■qaan  mntlmewi  per  mlonu. 

tion  of  the  intensity  of  solar  radiation.  Hie  fluctuation  extends  over 
a  total  range  of  nearly  10  per  cent.  In  the  later  years  the  measure- 
ments were  made  almost  daily,  and  seem  to  bring  out  with  certainty 
that  the  changes  are  not  haphazard  in  their  character.  Successive 
days  of  observation  indicate  a  gradual  march  of  the  solar  constant 
values  &om  a  high  to  a  low,  and  back.  Had  the  variations  been  due 
merely  to  acodental  errors  we  should  not  have  expected  this  regu- 
larity. Hence  we  conclude  that  the  changes  observed  are  either 
really  solar  or  are  due  to  some  obscure  source  of  error  in  estimating 
the  losses  in  our  atmosphere.  The  latter  supposition  is  not  very 
reasonable,  because  as  already  shown,  we  get  practically  identical  solar 
constant  values  whether  we  observe  at  sea  level  (Washington),  1  mile 
(Mount  Wilson),  or  3  miles  elevation  (Mount  Whitney).    Hence  it 
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seems  most  probable  that  we  hare  found  a  real  varistioa  of  the  sun, 
insular  in  amount  and  period,  but  of  an  average  period  of  7  to  10 
days,  and  an  averf^  magnitude  of  3  to  5  per  cent.  This  would  be 
"important  if  true." 

Note  added  Jantury  13, 1S13: 
[In  part  from  Anniul  Beport  of  Secretary  of  the  SmitJuonian  InaUtutioii  foi  year 
ending  June  30,  1912.] 

Congresq  having  provided  funds,  an  expedition  under  my  chaige 
proceeded  in  July,  1911,  to  Bassour,  Algeria,  to  make  there  a  long 
series  of  solar-constant  observations  simultaneously  with  similar 
ol^ervations  made  by  Assistant  Aldrich  on  Mount  Wilson.  The 
Algerian  expedition  included  Mr.  and  Mrs.  Abbot  and  Prof.  F.  P. 
Brackett,  of  Pomona  CoU^e,  Califomia.  The  apparatus  carried 
was  the  same  which  I  had  used  on  Mount  Whitney  in  1909  and  1910. 
Station  was  reached  on  July  31,  1911,  but  owing  to  a  most  unfortu- 
nate miscarriage  of  a  box  of  apparatus,  observations  could  not  be 
commenced  until  August  26,  and  several  more  days  were  required 
to  get  the  whole  outfit  working  satisfactorily.  The  weather  of 
August  was  excellent  at  both  Mount  Wilson  and  Bassour,  but  in  the 
subsequent  months  the  good  days  at  one  station  frequently  coin- 
cided with  bad  ones  at  the  other.  Hence,  although  44  days  of  solar- 
constant  observations  were  secured  at  Bassour  up  to  November  17, 
when  the  camp  was  broken  up,  and  a  still  greater  number  were 
secured  at  Mount  Wilson,  only  29  of  these  coincided  and  20  were  good 
at  both  stations. 

In  sjdte  of  the  loss  of  August  and  the  unfavorable  weath^  of  sub- 
sequent months,  the  results  strongly  confirm  the  supposed  varialnlity 
of  the  sun. 

Etpediiiona  of  191S. — ^While  the  simultaneous  observations  made 
in  1911  at  Bassour  and  Mount  Wilson  seemed  justly  interpretable  as 
confirming  the  variability  of  the  sun,  yet  it  was  felt  that  a  result  of 
such  uncommon  interest  ought  to  be  put  beyond  the  smallest  wai^ 
rantable  doubt.  Accordingly,  in  May,  1912,  Mr.  and  Mrs.  Abbot 
again  returned  to  Bassour,  where  they  were  joined  on  May  20  by  Mr. 
Anders  Knutson  AngstrOm,  as  temporary  assistant.  Observations 
were  begun  on  Jime  2.  Observations  on  Mount  Wilson  had  already 
been  begun  by  Mr.  Fowle  in  April. 

Between  June  1  and  September  9  nearly  50  days  of  observationa 
common  to  both  stations  were  secured.  This  work  is  fully  conclusive 
in  proving  the  variability  of  the  sun.  High  adlar-constairi  values  at 
Baaaow  eorrap(md  vjith  high  solar-comtant  valuM  (U  Mount  Wi2son, 
ami  vice  versa. 

In  the  meantime  it  has  been  found  that  some  measurements  of  the 
kind  illustrated  in  figure  6,  which  were  made  in  1908  at  Washington 
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and  compared,  with  solar-constant  values  from  Mount  Wilson,  seem 
to  show  that  there  is  a  slight  but  distinct  change  of  distribution  of 
the  radiation  along  the  diameter  of  the  sun's  disk  depending  on  the 
value  of  the  solar  constant.  This  change  is  such  that  when  the 
intensity  of  solar  radiation  outside  the  atmosphere  is  high  as  observed 
at  Mount  Wilson,  the  contrast  in  brightness  between  the  center  and 
the  edge  of  the  sun's  disk  is  great,  and  vice  vena.  This  change  in 
contrast  holds  true  for  all  wave  lengths  observed  at  Washington. 

Thus  we  have  two  independent  proofs  that  the  sun  is  an  irre^ulariy 
variable  star  of  a  short  irregular  periodicity  of  7  to  10  days  and  mag- 
nitude of  fluctuation  reaching  often  3  per  cent  but  rarely  8  per  cent. 
Besides  this  newly  discovered  irref;ularity  there  is  of  course  also  the 
long  period  vaiiability  of  11  years  indicated  by  sun  spots.  Curiously 
enough  the  solar  radiation  proves  to  be  above  normal  when  the  sun 
spots  are  at  a  maximum;  although,  as  shown  infigure  7,  tiieteii^)era- 
ture  of  the  earth  is  then  below  the  normal.  It  is  not  \mlikely  that 
other  solar  changes  of  great  interest  may  be  brought  to  light  in 
future  yeais  by  the  methods  above  described.  Nothing  has  yet  been 
done  to  see  how  far  the  newly  discovered  short  period  solar  changes 
affect  the  earth's  climate,  hut  evidently  a  most  interesting  field  is 
opening  there. 
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I. 

The  reUtions  between  the  ntathejnatical  sciences  and  the  physical 
sciences  are  as  old  as  the  sciences  themselves.  It  is  the  study  of 
natural  phenomaia  which  leads  joan  to  set  for  himself  the  first 
probleins  from  which,  through  abstriictioii  and  generalization,  has 
gone  forth  the  superb  complexity  of  the  science  of  numbers  and  of 
space.  Conversely,  through  a  sort  of  preestablished  harmony,  it 
has  often  happened  that  cortain  mathematical  theories,  after  being 
devdoped  apparently  far  from  the  real,  have  been  found  to  furnish 
tiie  key  to  phenomwia  concerning  which  the  creators  of  these  theories 
had  no  thought  at  all.  The  most  celebrated  instance  of  this  fact  is 
the  theory  of  conic  sections,  an  object  of  pure  speculation  among  the 
Greek  geometers,  but  whose  researches  enabled  Kepler,  20  centuries 
later,  to  uinounce  with  precision  the  laws  of  the  motions  of  the  plan- 
ets. In  the  same  way,  in  the  first  half  of  the  nineteenth  century,  it 
was  due  to  the  theory  of  the  imaginaT  exponentials  that  the  study 
of  vibratoiy  motions  was  rendered  more  profoimd,  the  importance  of 
which  has  been  revealed  on  so  large  a  scale  in  physics  and  even  in 
industrial  art;  it  is  to  this  study  that  we  owe  wireless  telegraphy 
and  the  transmission  of  energy  by  polyphase  currents.  More 
recently  still,  we  know  what  the  utility  of  the  abstract  theory  of 
groups  has  been  in  the  study  of  the  ideas  so  profound  and  novel 
whereby  one  has  tried  to  explain  the  results  of  the  capital  experi- 
ments on  relativity  made  by  your  illustrious  compatriot  Michelson. 

But  these  illustrations,  whatever  may  be  their  importance,  are 
special  and  relate  to  particular  theories.  How  much  more  striking 
is  the  universal  usage  of  the  forms  imposed  on  scientific  thought  by 

■  Addioi  deUToed  at  Houston  (Tei.)DU  the  occaakm  ol  Uu  InaagunUcH]  of  tbe  Kin  lamtule  (Oot  10 
10  IS,  1011). 
Bcjaliittd  bj  pavdtfoD  of  tba  aatbor,  Uw  pabUtbas,  lod  tte  BloB  InKltiite,  inm  Bivoe  itednla  dM 
a  et  vpUquiei,  Puis,  Nov.  X,  IBU 
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the  genius  of  Descartes,  Newton,  Leibnitz.  The  employment  of 
rectangular  coordinates  and  of  the  elements  of  differential  and  integral 
calculus  has  become  so  familiar  to  us  that  we  might  be  tempted  at 
times  to  forget  that  tJiese  admirable  instruments  date  only  from 
the  seventeenth  century.  And  in  the  same  way  the  theory  of  partial 
differential  equations  dates  only  from  the  ^hteenth  century.  In 
1747  d'Alembert  obtained  the  general  integral  of  the  equation  of 
vibrating  cords.  It  was  the  study  of  physical  phenomena  tiiat 
suggested  the  notions  of  continuity,  derivative,  integral,  differ- 
ential equation,  vector,  and  the  calculus  of  vectors;  and  these  notions, 
by  a  just  return,  form  part  of  the  necessary  scientific  equipment  of 
every  physicist;  it  is  through  these  that  he  interprets  the  results  of 
his  experiments.  There  is  evidently  nothing  mysterious  in  the  fact 
that  mathematical  theories  constructed  on  the  model  of  certain 
phenomena  should  have  been  capable  of  being  developed  and  of 
furnishing  the  model  for  other  phenomena.  This  fact  is  nevwHie- 
less  worthy  of  holding  our  attention,  for  it  permits  an  important 
practical  result.  If  new  physical  phenomena  su^;e8ted  new  math- 
ematical models,  mathematicians  wiU  be  in  duty  bound  to  devote 
themselves  to  the  study  of  these  new  models  &nd  their  generaliza- 
tions, with  the  legitimate  hope  that  the  new  mathematical  theories 
thus  erected  will  be  found  fruitful  in  fnmishing  in  their  turn  to  the 
physicists  forms  of  useful  thought.  In  other  words,  to  the  evolution 
of  physics  there  should  correspond  an  evolution  of  mathematics 
which,  without  abandoning  the  study  of  the  classical  and  tested 
theories,  should  be  developed  in  taking  into  account  the  residta  of 
experiment.  It  is  in  this  order  of  ideas  that  I  would  examine  to-day 
the  influence  that  molecular  theories  may  exercise  on  the  develop- 
ment of  mathematics. 

n. 

At  the  end  of  the  raghteenth  century  and  in  the  first  half  of  the 
nineteraitii  there  was  created  on  the  hypothesis  of  continuity  what 
we  may  call  classical  mathematjcal  physics.  As  types  of  the  theories 
thus  construoted  we  may  take  hydrodynamics  and  elasticity.  In 
hydrodynamics,  every  liquid  was  by  definition  considered  to  be 
homogeneous  and  isotropic.  It  was  not  quite  the  same  in  the  study 
of  the  etaeticity  of  solid  bodies.  The  theoiy  of  crystalline  forms  had 
led  one  to  admit  the  existence  of  a  periodic  network,  that  is  to  say,  a 
discontinuous  structure ;  but  the  period  of  the  network  was  supposed 
to  be  extremely  small  with  reference  to  the  elements  of  matter 
physical^  regarded  as  the  differential  elements.  The  crystalline 
structure  therefore  led  only  to  anisotrophy,  but  not  to  discontinuity. 
The  partial  differential  equations  of  elasticity,  as  well  aa  those  of 
hydrodynamics,  imply  continuity  of  the  medium  studied 
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The  atomic  theory,  whose  tradition  goes  back  to  the  Greek  phi- 
loeophers,  vaa  not  abandoned  during  that  period  Independent  of  the 
oonfinnation  that  it  found  in  the  properties  of  gases  and  in  the  laws 
of  chemistry,  it  was  by  means  of  that  theory  that  one  was  obliged  to 
explain  certain  phenomena,  such  as  the  compressibility  of  liquids  or 
the  permeability  of  solids,  in  spite  of  the  apparent  continuity  of 
these  two  states  of  matter.  But  the  atomic  theory  was  placed  in 
juxtaposition  with  physical  theories  based  on  continuity;  it  did  not 
affect  them-  The  rapid  advances  in  thmmodynamioa  and  in  t^e 
theoriee  of  energy  contributed  to  maintain  this  sort  of  partition 
between  the  physical  theories  and  the  hypothesis  of  the  existence  of 
atoms,  which  beoamA  so  fruitful  in  chemistry.  To  the  majority  of 
physicists  half  a  century  ago  the  problem  of  the  reality  of  atomis  was 
a  metaphysical  question  properly  beyond  the  domain  of  physics;  it 
mattered  little  to  science  whether  atoms  exist  or  are  simple  fictions, 
and  one  might  eren  doubt  if  scienoe  were  able  to  afiSrm  or  deny  their 
existence. 

However,  thanks  especially  to  the  labors  of  Maxwell  and  of  Boltz- 
mann,  the  definite  introduction  of  molecules  in  the  theory  of  gases 
and  Bohitions  showed  itself  fruitful.  Gibbe  created  the  new  study, 
to  which  he  gave  the  name  "Statistical  mechanics,"  But  it  is  only 
in  the  last  20  years  that  all  physicists  have  been  forced,  by  the  study 
of  new  radiations  on  the  one  hand  and  the  study  of  the  Brownioii 
movement  on  the  other,  to  consider  the  molecular  hypothesis  as  one 
that  is  necessary  to  natural  philosophy.  And,  more  recently,  the 
thorough  study  of  the  laws  of  radiation  has  led  to  the  unlooked-for 
theory  of  the  discontinuity  of  energy — or  of  motion.  It  does  not 
come  within  my  subject  to  expound  tiie  experimental  proofs  through 
whidi  these  hypotheses  are  each  day  beconung  more  probable.  T^e 
most  striking  of  such  experiments  are  perhaps  those  which  have 
made  it  possible  to  observe  the  individual  emission  of  the  a  particles, 
so  that  one  actually  obtains  one  of  the  concrete  units  with  whidi 
the  physicist  constructs  the  sensible  univeise,  just  as  the  abstract 
universe  of  mathematics  can  be  constructed  by  means  of  an  abstract 
unit. 

For  definitely  formulating  their  hypotheses  and  deducing  there- 
from results  susceptible  of  experimental  verification  the  theorists 
of  modem  physics  make  use  of  mathematical  symbols.  These 
symbols  are  those  which  have  been  created  in  starting  out  with  the 
notion  of  continuity.  It  is,  therefore,  not  astonishing  that  diffi- 
culties sometimes  appeur,  the  most  real  of  which  is  the  contradiction, 
apparent  at  least,  between  the  hypothesis  of  the  quarita  and  the  older 
hypothesis  that  phenomena  are  governed  by  differential  equations. 
But  these  difficulties  of  principle  do  not  prevent  the  auccesa  of  what 
one  might  call  partial  theories,  by  which  a  certain  number  of  experi- 
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mental  Twults  may,  in  spite  of  their  apparent  diversity,  be  deduced 
from  a  small  nmnber  of  formuln  which  are  oohermt  among  th«m^ 
setTea,  Usually  the  employment  of  mathematics  in  theee  partial 
theories  is  quite  independent  of  the  ultimate  bases  of  the  tibeoty. 
And  so  it  is  that  for  many  of  the  phenomena  <rf  physical  optica  the 
formulie  are  the  same  in  ^e  mechanical  theory  of  Fresnel  and  in  the 
electromagnetic  theory  of  Maxwell.  In  the  same  way  the  fomnilas 
used  by  electrical  engineers  are  independent  of  the  divecBitj  of 
theories  concerning  the  nature  of  the  current. 

If  I  hare  been  obl%ed  to  point  out,  though  beyond  my  subject, 
this  employment  of  the  mathematical  tool  as  an  auxiliary  to  the 
partial  physical  theories,  it  is  in  order  to  prevent  ail  misunderatftDd- 
ing.  It  appears  certain  that  for  a  long  time  to  come,  as  long,  per- 
haps, as  human  sdence  shall  endure,  it  will  be  under  this  relatively 
modest  form  that  mathematics  will  render  the  greatest  servioe  to  HiB 
j^ysidsts.  There  is  no  reason  why  we  should  be  disinterested  in 
the  gmeral  mathematical  theories  whereof  physics  has  furnished 
the  model,  whether  we  may  be  concerned  with  speculatiiHis  on 
partial  differential  equations  su^ested  by  the  physics  of  the  eonH- 
nttum  or  with  statistical  speculations  pertaining  to  the  physics  of  the 
diacojUinuum,  But  it  should  be  well  imderstood  that  the  new  mathe- 
matical theories  which  discontinuity  of  physical  phenomena  might 
surest  can  not  have  the  pretention  of  entirely  replacing  classical 
mathematics.  These  are  only  new  aspects,  for  which  it  is  proper  to 
make  room  by  the  side  of  older  views  in  such  a  manner  as  to  augment 
as  much  as  possible  the  richness  of  the  abstract  world  in  whieh  wa 
seek  models  suitable  for  making  us  better  to  comprehend  and  better 
to  conjecture  concrete  phenomena. 

m. 

It  ia  frequently  a  simplification  in  mathematics  to  replace  a  very 
lai^e  finite  mmiber  by  infinity.  It  is  thus  that  the  calculiis  of  defi- 
nite int^rals  is  frequently  more  simple  than  that  of  summation 
formulte,  and  that  the  differential  calculus  is  generally  more  simple 
than  that  of  finite  differences.  In  the  same  way,  we  have  been 
led  to  replace  the  simxiltaneoiis  study  of  a  great  number  of  functions 
of  one  variable  by  the  study  of  a  continuous  infinitude  of  functions 
of  one  variable;  that  is  to  say,  by  the  study  of  a  fimction  of  two 
variables.  By  a  bolder  generalization  Prof.  Yito  Yolterra  has  been 
led  to  define  functions  which  depend  upon  other  functions — that  is  to 
say,  in  the  most  simple  case,  functions  of  lines — in  considering  them 
as  the  limiting  cases  of  functions  which  would  depend  on  a  great 
number  of  variables  or,  if  one  prefers,  on  a  very  great  number  ^ 
points  of  the  line. 
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These  diverse  generalizations  have  rapidly  acquired  the  tights 
of  a  citizen  in  mathematical  physics;  the  employment  of  integral 
equations,  of  which  the  classical  types  are  the  equation  of  Volterra 
and  the  equation  of  Fredhotm,  has  there  become  current.  Althoi^h 
these  theories  may  be  well  known  to  all,  it  is  peritaps  useful  to  recall 
briefly  their  origin  by  a  particularly  simple  example.  We  shall  thus 
better  understand  their  significance  from  the  point  of  view  where  we 
stand  to-day. 

Let  us  consider  a  system  comp(»ed  of  a  finite  number  of  material 
points,  each  of  which  can  deviate  only  a  small  amount  from  a  certain 
position  of  stable  equilibrium.  The  differential  equations  which 
determine  the  vuiations  of  these  deviations  from  their  positions 
of  equilibrium  can,  under  certain  hypotheses  and  to  a  first  approxi- 
mation, be  regarded  as  linear  in  respect  to  these  deviations.  If, 
moreover,  we  introduoe  the  hypothesis  that  the  system  satisfy  the 
law  of  the  conservation  of  eaieigy,  the  differential  equations  take 
a  form  vwy  simple  and  classic,  from  which  one  easily  deduces  the 
fact  that  the  motion  may  be  consideied  as  the  superposition  of  a 
certain  number  of  periodic  motions.  The  number  of  these  elementary 
periodic  motions  is  equal  to  the  number  of  degrees  of  freedom;  it  is 
three  times  the  number  of  the  material  points,  if  each  of  these  points 
can  be  arbitrarily  displaced  in  the  neighborhood  of  its  position  of 
equilibrium.  The  periods  of  the  simple  periodic  motions  are  the 
spe<^fi£  eonstanta  of  the  system,  which  depend  only  on  its  configura- 
tion and  the  hypotheses  made  conoeniing  the  forces  put  into  opera- 
tion by  its  deformation,  but  which  does  not  depend  upon  the  initial 
eonditioos:  positions  and  velocities.  These  initial  conditions  deter- 
mine the  arbitrary  constants  which  figure  in  the  general  integral 
and  which  are  two  in  number  for  each  period:  the  intensity  and  the 
phase. 

Suppose  now  that  the  number  of  material  points  become  very 
great  and  let  us  identify  each  of  them  with  a  molecule  of  a  solid  body, 
a  bar  of  steel  for  example;  if  the  hypotheses  made  continue  to  be 
verified,  and  that  is  what  one  admits  in  the  theory  of  elasticity, 
their  consequences  will  subsist  also;  we  shall  have,  then,  a  very  large 
number  of  characteristic  constants,  each  of  these  constants  defining 
a  proper  period  of  the  system.  Let  us  increase  to  infinity  the  number 
of  the  molecules.  The  system  of  differential  equations,  infinitely 
great  in  number,  is  then  replaced  by  a  finite  number  of  partial  differ- 
ential equations,  whose  fundamental  properties  are  obtained  by 
passing  to  the  limit.  Li  particular,  the  proper  periods  can  be  deter- 
.  mined  and  we  establish  the  remarkable  fact  that  these  periods  can  be 
calculated  with  precision  and  without  ambiguity  if  we  take  care  to 
define  them  by  commencing  with  the  longest  period;  there  is  only-  a 
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finite  number  of  periods  superior  to  a  ^ven  interval,  but  this  number 
increasee  indefinitely  when  the  interval  tends  to  zero. 

The  reasoning  which  has  just  been  outlined  is  of  the  type  of  those 
to  which  the  substitution  of  continuity  for  discontinuity  leads.  In 
reality,  the  considerations  based  on  the  eidstence  of  molecules  plsy  in 
them  only  an  auxiliary  rdle;  they  put  one  on  the  track  of  the  solution, 
but  this  solution,  once  obtained,  satisfies  rigorously  the  partial 
differential  equations  of  Lamfi,  equations  which  can  be  deduced 
equally  well  from  theoriee  of  enei^  as  from  molecular  hypotheses. 
The  molecular  theory  has  therefore  been  a  valuable  guide  for  the 
analyst  in  st^^esting  the  course  to  be  followed  in  studying  the 
equations  of  the  problem,  but  it  is  eliminated  from  the  ultunate 
solution.  On  the  other  hand,  we  know  that  this  solution  represents 
reality  only  imperfectly.  We  obtain  an  infinitude  of  proper  periods, 
instead  of  a  very  great  number  of  them;  the  actual  number  bo  great, 
indeed,  that  one  p«'haps  ought  not  to  scruple  to  pass  to  the  limit  and 
to  regard  it  as  practically  infinite.  If,  however,  one  observes  that  the 
difficulties  of  ^e  theory  of  black  radiation  come  precisely  from  ihe 
very  ^ort  periods,  and  that  these  difiiculties  are  not  yet  resolved  jn 
an  entirely  satisfactory  manner,  one  will  perhaps  judge  that  he  can 
not  be  too  careful  in  everything  which  concerns  these  veiy  short 
periods.  Perhaps  this  is  why  a  physicist  like  Lorentz  has  not  deemed 
superfluous  the  considerable  analytical  efforts  which  the  study  of 
the  prop^ation  of  waves  requires  when  we  explicitly  introduce  the 
molecules.  However  it  may  be  in  other  cases,  even  if  the  subetitu- 
tion  of  the  infinite  for  the  finite  is  entirely  l^ttimate  in  certain 
problems,  it  may  be  interesting  to  propose  to  oneself,  from  a  purely 
mathematical  point  of  view,  the  direct  study  of  functions  or  equa- 
tions depending  upon  a  great,  but  finite  number  of  variables. 

IV. 

The  first  difficulty  which  presents  itself,  when  one  wishes  to  study 
functions  <A  a  great  number  of  variables,  is  the  exact  definition  of 
such  a  function.  I  mean  by  that  an  ividwidwil  definition,  permitting 
one  to  distinguish  the  definite  function  from  an  infinitude  of  other 
analogous  functions.  There  exist  many  general  properties  common 
to  the  mathematical  entities  of  a  certain  category,  independent  of 
the  nimierical  value  of  the  coefficients;  for  example,  every  definite 
quadratic  form  (that  is  to  say,  one  always  positive)  is  equal  to  the 
sum  of  the  squares  of  as  many  independent  linear  fimctions  as  the 
number  of  the  variables  which  it  contains.  One  has  at  times  sought 
to  deduce  mathematical  facts  from  this  sort  of  physical  consequences. 
I  must  confess  that  I  can  not  defend  myself  against  some  suspicion 
in  regard  to  this  sort  of  reasoning;  for  it  appears  a  little  singular  that 
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one  can  deduce  anything  exact  from  a  notioii  bo  general  as  that  of  a 
surface  of  the  second  degree  (let  us  say,  for  fixing  ideas,  a  generalized 
ellipsoid)  in  a  space  having  a  very  great  number  of  dimensions.  Let 
*  us  emphasize  a  httle  the  difficulty  that  there  is  in  knovii^  indveiduidly 
such  an  ellipsoid:  Its  equation  may  be  supposed  to  be  reduced  to  the 
sum  of  squares,  by  an  ortht^onal  substitution ;  that  is  to  say,  the  axes 
remaining  rectangular.  Such  an  ellipsoid,  then,  requires  for  its  com- 
plete definition  the  knowledge  of  what  we  may  call  the  squares  of 
the  lei^ths  of  its  axes;  that  is  to  say,  the  squares  of  as  many  positive 
numbers  as  the  space  considered  contains  dimensions.  The  question 
of  knowing  whether  one  can  eonmder  as  given  so  many  numbers,  when 
a  man's  lifetime  would  not  suffice  to  enumerate  a  small  part  of  them, 
is  a  question  which  is  not  without  analogy  to  that  of  the  Intimacy  of 
certain  reasonings  in  the  theory  of  ensembles,  such  as  that  one  by 
which  Prof.  Zermelo  pretNids  to  prove  that  the  continuum  can  be  well 
ordered,  and  which  suppose,  as  realized,  an  infinitude  of  choices  inde- 
pendent of  all  law,  and  at  the  same  time  to  be  uniquely  determined. 
Opinions  may  differ  on  the  theoretical  solution  of  these  difficulties 
and  here  is  not  the  place  to  reopen  this  controversy.  But,  from  the 
practical  point  of  view,  the  response  is  not  doubtful;  it  is  not  possible 
to  actually  write  tke  numerical  equation  of  an  elUpsoid  T^ose  axes 
are  as  numerous  as  the  molecules  constitutii^  a  gram  of  hydrogen. 

In  what  sense  is  it,  then,  possible  to  speak  of  a  ntunericolly  deter- 
minate ellipsoid,  possessing  a  very  great  number  of  dimensions? 
From  an  abstract  point  of  view,  the  most  simple  process  for  defining 
such  an  ellipsoid,  consists  in  supposing  that  the  lengths  of  the  axes 
are  equal  to  the  values  of  a  certain  function  which  is  simple  for  the 
int^ral  values  of  the  variable.  One  can  suppose  them  all  equal  (in 
whidi  case  he  will  say  that  the  ellq>soid  is  reduced  to  a  sphere). 
One  can  also  suppose  that  they  have  for  values  the  successive  integral 
numbers  taken  in  their  natural  order,  starting  either  with  unity  or 
with  any  other  given  niunber,  or  that  they  are  equal  to  the  inverses 
of  the  square  of  these  integers,  etc.  In  other  words,  we  suppose  that 
the  lengths  of  the  axes  are  all  determined  by  the  knowledge  of  a 
formula  simple  enough  for  being  actually  written,  while  it  is  not 
poesible  to  actually  write  as  many  distinct  numbers  as  there  are  axes. 

Another  process,  to  which  we  are  naturally  led  by  the  analogies 
with  the  kinetic  theory  of  gases,  consists  in  supposing  that  the  values 
of  a  function  of  the  axes  such  that  the  square  of  the  lengths  of  the 
axes,  or  of  their  reciprocals,  etc.,  are  not  given  individually,  but  l^t 
we  know  only  the  mean  value  of  this  function,  and  the  law  of  the 
distributions  of  the  other  values  around  this  mean.  We  propose, 
under  these  conditions,  not  to  study  the  properties  of  a  unique  and 
well  determined  ^lipaoid,  but  only  the  most  probable  propertieB  of  the 
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ellq>soid,  knowii^  only  that  it  aataafiea  the  imposed  conditionB.  We 
can  &1bo  Bay  that  we  Btudy  the  mean  propertieB  of  the  ensemUe  of 
the  eUipsoids  defined  by  these  conditionB.  Here  again,  we  may  ob> 
serve  that  the  probable  ellipsoid  or  the  mean  ellipsoid  is  completely' 
defined  by  the  knowledge  of  the  mesji  value  of  the  law  of  the  devia- 
tions. If  this  law  is  the  classic  law  of  piobabiUtieB,  it  includes  only 
two  constants.  If  we  were  led  to  introduce  a  more  complicated  taw, 
this  law  might  in  all  cases  be  e3q>licitly  written.  The  two  processes 
that  we  have  indicated  are  then  equivalent  from  iho  analytical  point 
of  view.  It  would  evidently  be  the  same  with  all  other  procesees 
that  we  can  imagine,  and  notably  with  the  combinations  of  the  two. 

In  a  word,  a  figure  which  depends  on  an  extremely  great  number  of 
parameters  can  be  considered  a  numeiicaUy  determinate  only  if  these 
parameters  are  defined  by  means  of  numerical  data  sufficiently  few 
in  number  to  be  accessible  to  us.  It  is  for  this  reason  that  the  study 
of  the  geometrical  figures  in  a  space  possessing  an  extremely  great 
number  of  dimensions,  can  lead  to  general  laws,  if  we  can  exclude 
from  tiiis  study  such  of  these  figures  as  it  is  impossible  for  a  human 
being  to  define  individually. 

Here  are,  for  example,  some  of  the  results  to  which  one  is  led  by 
the  study  of  elHpsoids.  In  writing  the  equations  in  the  form  of  a 
sum  of  squares,  the  second  membw  being  reduced  to  unity,  the  co- 
efficients are  equal  to  the  reciprocals  of  the  squares  of  the  ftxes.  If 
the  mean  of  the  squares  of  these  coefficients  is  of  the  same  order  of 
magnitude  as  the  square  of  their  mean,  one  will  say  that  the  ellipsoid 
is  not  very  irregular.  The  modes  of  definition  concerning  which  we 
have  just  spoken  lead  to  ellipsoids  which  are  not  very  irregular,  from 
the  moment  when  one  ceases  to  systematically  introduce  into  these 
definitions  functions  purposely  chosen  in  a  complicated  manner.  On 
the  other  hand,  we  obt<dn  a  very  irregular  ellipsoid  in  equating  to  a 
constant  the  via  viva  of  a  def  ormable  system  composed  of  a  very  great 
number  of  molecules,  this  vis  viva  being  wiiten  under  the  classic 
form  of  the  sum  of  the  vis  viva  of  translation  of  the  total  mass  con- 
centrated at  the  center  of  gravity,  increased  by  the  sum  of  the  vires 
vivte  of  the  molecules  in  their  motion  relative  to  this  center  of  gravity. 
The  great  irr^ularity  comes  from  the  fact  that  the  products  of  the 
total  mass  by  the  three  components  of  the  velocity  of  tlie  center  of 
gravity  are  extremely  great  in  comparison  with  the  other  terms. 
When  an  ellipsoid  is  not  very  irregular,  several  of  its  properties  permit 
comparing  it  to  a  sphere,  which  we  may  call  t^  median  sphere. 
The  surface  of  the  eUipsoid  is  almost  wholly  comprised  between  the 
surfaces  of  two  spheres  very  near  to  the  median  sphere.  On  the 
other  hand,  a  point  being  arbitrarily  chosen  on  the  ell^woid,  it  is 
infinitely  probable  that  the  normsl  at  this  point  passes  extremdy 
close  to  the  center. 
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This  geometrical  study  of  figurae  hfiving  a  yet7  great  number  of 
dimensionB  deserves,  I  believe,  to  be  thoroughly  investigated.  It 
puts  in  evidence  the  abstract  bases  of  the  theories  of  mechanics  and 
stadstical  physics;  that  is  to  say,  it  enables  us  to  distinguish  among 
the  propositions  to  which  j^ysicisto  are  led,  those  which  are  a  conse- 
quence of  physical  hypotheses  from  those  which  are  derived  only 
&om  statistical  hypotheses.  But,  independent  of  its  physical 
utility,  this  geometrical  study  of  spaces  having  a  very  great  number 
of  dimensionB  presents  an  interest  of  its  own.  It  is  to  the  molec- 
ular theories  that  we  are  indebted  for  this  new  branch  of  mathe- 


We  can,  however,  ask  ourselves  whether  it  ia  legitimate  to  regard 
as  connected  with  the  molecular  hypothesis  a  theory  which  ought,  in 
fine,  to  depend  upon  only  a  small  number  of  constants.  To  say  that 
an  ellipsoid  with  a  very  great  number  of  dimensions  is  entirely  defined 
by  five  or  six  constants  is  to  say  that  all  the  consequences  that  we 
are  to  deduce  from  its  study  shall  be  expressible  by  means  of  five  or 
six  constants.  We  can  not  suppose  in  such  a  case  that  it  will  be  pos- 
sible to  imagine  an  analytical  mechanism  which  would  permit  us  to 
obtain  the  same  consequences,  expressed  by  means  of  five  or  six  con- 
stants, without  its  being  necessary  to  cause  to  intervene  the  equation 
possessing  a  very  great  number  of  terms;  that  is  to  say,  without  its 
being  necessary  to  utilize  the  molecular  hypothesis. 

It  is  well  that  we  pause  on  account  of  this  objection,  though  it 
may  recall  the  controversy  between  the  enei^tists  and  the  atomists, 
a  controversy  in  which  tho  atomists  appear  to  have  had  the  decided 
advantage.  In  the  first  place,  we  can  reply  with  an  ailment  of 
fact:  It  matters  little  that  we  might  conceive  the  possibility,  without 
^pwl^ing  tise  of  molecular  hypotheses,  of  combining  among  themselves 
the  consequences  of  these  hypotheses ;  the  important  thing  is  to  know 
whether  this  possibility  is  actually  realized  or  if,  on  the  contrary, 
they  are  calculations  based  upon  molecular  hypotheses  which  con- 
stitute the  most  simple,  if  not  the  only,  mode  of  deduction.  If  this 
latter  alternative  be  correct,  and  it  seems  difficult  to  deny  it,  molecu- 
lar hypotheses  are,  then,  actually  very  necessary,  and  that  alone 
ought  to  be  of  consequence  to  us. 

Under  this  modest  form,  which  the  future  holds  in  reserve,  this 
reply  appears  preemptory;  but  I  believe  that  many  physicists  would 
not  judge  it  too  categorically.  It  is  necessary  to  observe,  however, 
that  the  question  is  independent  of  experimental  proofs  of  the  reality 
of  the  mdecules.  Should  we  succeed  in  seeing,  by  means  of  an  instru- 
ment more  powerful  than  a  microscope,  the  molecules  of  a  solid  body, 
it  would  not  follow,  however  valuable  this  knowledge  might  be,  that 
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one  should  make  use  of  the  same  for  stftting  the  properfaes  ot  Has 
body  in  the  most  simple  manner  possible.  So  it  is  that  the  posubility 
of  seeing  an  isolated  microbe  under  the  microscope  is  not  an  indispen- 
sable condition  for  the  attenuation  of  the  viruaee  and  of  the  use  of 
yaccinea.  In  the  same  way,  in  the  reproduction  of  a  masterpiece  by 
photogravure,  it  is  not  the  indiTidual  knowledge  of  the  points  consti- 
tuting the  negative  that  interests  us.' 

From  the  abstract  point  of  view,  if  we  admit  that  all  human  theory 
ought  to  be,  in  the  last  analysis,  expressed  by  means  of  a  finite  and 
relatively  small  number  of  data,  it  seems  difficult  to  deny  the  posd- 
bility  of  entirely  constructing  the  theory  without  causing  the  inteiv 
vention  of  hypotheses  which  imply  the  existence  of  elements  whoee 
number  surpasses  that  which  the  investigation  of  man  can  conceive. 
But  the  verification  of  this  abstract  possibility  can  not  prevail  against 
the  importance  of  services  rendered  by  molecrilar  theories  in  the 
unifica^on  of  apparently  umrelated  phenomena;  and  so  it  is  per^ 
mitted  to  consider  these  reserves  on  the  possibilities  of  the  future,  as 
a  simple  matter  of  style. 

Is  it  possible  to  go  still  further,  and  suppress  all  reserve  of  this 
kind  ?  In  order  to  answer  this  question  it  is  necessary  to  examine 
in  detail  all  the  phenomena  that  one  explains  by  means  of  the  molecu- 
lar hypotheses  and  seek  to  ascertain  whether  an  extremely  large 
number  of  parameters  is  really  necessary  to  this  explanation.  Among 
the  discontinuous  phenomena  whose  experimental  laws  are  well 
known,  the  most  characteristic  are  those  of  spectra  in  series.  One 
knows  that  the  positions  of  the  spectral  rays  are  determined  with  a 
very  great  precision  by  formulse,  of  which  ihe  first  and  most  simple, 
due  to  Balmer,  includes  the  difference  of  the  reciprocals  of  the  squares 
of  two  integers.  There,  perhaps,  is  the  most  remarkable  example  of 
the  intervention  of  the  int^er  in  a  natural  law.  If  the  taws  of  this  ■ 
kind  were  more  numerous  and  better  known,  we  would  perhaps  be 
led  to  cite  arithmetic  and  the  theory  of  numbeis  among  the  branches 
of  mathematics  which  one  can  connect  with  molecular  physics.  Can 
one,  by  induction,  admit  that  the  formula  of  Balmer  is  exact,  not 
only  for  small  int^ers  concerning  which  the  experimental  veiifica- 
tion  is  rigorous,  but  for  many  other  larger  intei^rs  concerning  which 
this  verification  is  impossible  f  And  if  it  is  thiis,  is  not  there  one  of 
the  discontinuous  phenomena  whose  explanation  requires  a  very 
large  number  of  parameters  (  It  does  not  seem  so.  On  the  one  hand, 
the  formula  with  the  variable  int^er,  can  contain  with  precision 
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only  a  sm&U  number  of  constante;  on  the  other  hand,  the  attempts 
made  for  explaming  the  preeence  of  this  integer  by  hypotheses  of 
physical  discontinuity  have  led  to  the  placing  of  this  discontinuity 
in  the  interior  of  the  atom  itself.  There  is,  then,  no  need  of  a  very 
great  number  of  atoms;  one  alone  is  sufficient,  whose  structure 
depends  only  on  certain  parameters,  on  Tnoffnitons  in  the  theory  of 
Ritz,  parameters  whose  number  is  far  from  being  of  the  order  of  the 
number  of  the  atoms. 

This  remark  leads  us  to  consider  another  category  of  phenomena, 
to  which  we  have  already  made  allusion  and  in  which  the  atoms  or 
corpuscles  are  observed  individually.  Does  not  the  explanation  of 
these  phenomena  require  atomic  hypotheses !  It  eeems  difficult  to 
deny  it  without  being  paradoxical.  We  observe,  however,  that  the 
pheuonuDa  such  as  the  emission  of  the  a-particles  are  susceptible 
only  of  a  globate  explanation;  it  is  not  possible  to  foresee  with  pre- 
cision a  determinate  emission,  but  only  a  mean  number.  It  is, 
then,  only  this  mean  number  that  exists,  scientiiically  speaking.  The 
phenomenon  which  consists  in  the  emission  of  orie  particle  a  does  not 
present  the  characters  which  permit  of  rigorous  experimentation. 
We  know  not  how  to  foresee  it  or  how  to  reproduce  it  at  will.  It  is 
only  the  study  of  the  trajectory  afUr  the  emission  tibat  presents 
these  characters  and  in  fact  this  study  only  requires  equations  suffi- 
ciently restricted  in  number  so  that  one  can  write  them  all.  The 
atomic  hypotheses  should  permit  one  to  foresee  such  individual  emis- 
aion,  if  one  could  actually  calculate  with  reference  to  an  extremely 
great  number  of  equations;  but  that  is  not  possible;  and  in  that 
which  concerns  the  globate  conjecture  the  atomic  hypotheses  is  not, 
at  least  a  priori,  necessary. 

We  touch  here  upon  the  borders  of  science,  since  we  attain  from 
phenomena  accessible  to  our  observation  and  which  depend  upon 
causes  so  numerous  that  it  would  be  impossible  for  us  to  know  with 
precision  all  their  complexity.  Scienfie  remains  possible  only  for  mean 
values  which  one  can  calculate  with  precision  by  means  of  data  accessi- 
ble to  observation. 

It  is  well  understood,  I  think,  that  I  do  not  contest  the  legitimacy 
and  the  utility  of  molecular  theories.  My  remarks  as  a  mathemati- 
cian can  not  attain  physical  reality;  at  the  bottom  they  reduce  them- 
selves to  this:  All  the  calculations  we  shall  ever  really  effect  will 
comprise  only  a  sufficiently  small  number  of  equations  actually  writ- 
ten. If  we  write  one  equation,  and  if  we  add  that  we  consider  some 
billions  of  analogous  equations,  we  do  not  calculate  in  fact  these 
equations  which  are  not  written,  but  only  the  written  equation,  in 
taking  count,  perhaps,  of  the  number  of  the  equations  which  are  not 
written,  a  number  which  will  also  have  been  written.  All  mathe- 
tiatical  theory,  then,  reduces  itself  to  a  relatively  small  number  o^ 
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equatitma  and  calculations,  and  wUch  involTe  a  niaiivtiy  hduU 
number  of  symbols  and  numerical  constants.  It  is,  thea,  not  a  priori 
absurd  to  suppose  that  one  might  imagine  a  physical  model  oontainiag 
also  a  reUtively  small  number  of  parameters  and  leading  to  tiie  same 
equations.  However,  bo  long  as  this  model  shall  not  be  imagin«d, 
and  j>eih(q>s  it  never  will  be,  the  analytical  or  geometrical  researches 
OD  functions  of  a  very  lai^  but  finite  number  of  variables  will  be  able 
to  offer  interest  to  the  physicists. 

VI. 

We  have  already  observed  that  it  is  an  ordinaiyproceedir^  in  mathe- 
matics to  replace  a  very  large  finite  by  an  infinite.  What  may  this 
procedure  ^vc  when  we  apply  it  to  discontinuous  phydcal  phenomena 
whose  complexity  seems  tied  up  to  .a  very  great  number  of  mbleculest 
Such  are,-for  example,  the  phenomena  of  the  Brownian  movement 
which  we  observe  when  very  fine  porticlee  are  in  suspension  in  an  ap- 
parently quiet  liquid.  These  phenomena  enter  the  category  of  those 
concerning  which  we  were  speaking  a  moment  ago,  for  which  only  a 
statistical  foreknowledge  ia  possible. 

Can  we  construct  an  analytical  image  of  it?  Prof,  Pemn  has 
already  remarked*  that  the  observed  trajectories  in  the  Brownian 
movement  suggested  the  notion  of  continuous  functions  posseesing  no 
derivative  or  that  of  continuous  curves  possessing  no  tangent.  If 
we  observe  these  trajectories  with  optical  instruments  more  and  more 
perfected,  we  see  at  each  new  ma^iification,  new  details,  the  curvi- 
linear arc  that  we  could  have  traced  becomes  displaced  by  a  sort  of 
broken  line  whose  sides  form  finite  angles  with  each  other;  so  it  is  up 
to  the  limit  of  the  magnifications  capable  of  actual  realization.  If  we 
admit  that  the  movement  is  produced  by  the  impacts  of  the  molecules 
against  the  particle,  we  should  conclude  from  this  that  we  would 
obtain,  with  a  sufiScient  magnification,  the  exact  fonn  of  the  trajectory 
which  would  present  itself  under  the  fonn  of  a  broken  line  with 
rounded  off  angles  and  which  would  not  be  sensibly  modified  by  a 
still  further  magnification. 

But  the  analyst  is  not  forbidden  to  retreat  indefinitely  into  the 
supposed  obtainment  of  this  ultimate  state  and  to  thus  arrive  at  the 
conception  of  a  curve  in  which  the  sinuosities  become  finer  and  finer 
in  proportion  as  ho  employs  a  higher  magnification,  without  his  ever 
obtaining  the  ultimate  sinuosities.  This  ia  indeed  the  gecmietfical 
image  of  a  continuous  function  not  admitting  of  a  derivative. 

We  obtain  thus  a  curve  of  the  same  nature,  but  rather  too  special 
to  stop  to  consider,  when  we  study  the  function  which  Boltanann 
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dengnatee  by  H  and  Oibbe  by  9,  and  which  represents,  in  the  case  of 
a  gaa,  the  logarithm  of  the  probability  of  a  determinate  distribution 
of  tbe  Telocitifls  of  the  molecules.  Kach  collision  between  two  mole- 
eules  givee  a  sadden  Tariation  to  this  function,  which  is  thus  repre- 
sented by  a  [serrated  or]  staircase  curre,  the  horizontal  projections 
of  the  steps  corresponding  to  the  intervals  of  time  which  separate  two 
colliaions;  ^e  number  of  the  collisions  undeigone  by  a  molecule  being 
some  billions  per  second  (that  is  to  say,  of  the  order  of  magnitude  of 
10*)  and  the  number  of  molecules  of  tbe  order  of  magnitude  of  10** 
Of  we  consider  a  mass  of  some  grams  of  gas),  the  Mai  number  of  col- 
lisions per  second  is  of  the  order  of  magnitude  of  10**  power;  such 
is  the  number  of  steps  projected  on  a  portion  of  the  axis  of  the  ab- 
Bcissie  equal  to  unity,  if  the  second  is  taken  for  the  unit  of  time.' 
What  the  physiciBts  consider  is  the  mean  behavior  of  the  curve.  They 
replace  the  serrat«d  curve  hj  a  more  regular  curre,  having  the  same 
mean  behavior  in  the  time  intervals  which  are  Tfliy  small  in  compari- 
son to  the  second,  but  very  great  in  comparison  to  10"**  of  a  second. 

lliese  diverse  considerations  bring  interesting  suggestions  to  the 
analyst,  on  which  I  would  like  to  dwell  for  a  moment. 

In  the  first  place,  referring  to  the  subject  of  continuous  curvee 
without  derivatives  of  which  the  Brownian  movement  has  given  us 
the  image,  should  the  passage  from  the  finite  to  the  infinite  lead  to  a 
cmT«  oS  of  whose  points  are  points  of  discontinmty,  or  to  a  curve 
which  admits  an  infinitude  of  points  of  discontinuity  but  also  an 
infinitude  of  points  of  continuity)  For  properly  tmderstanding  the 
question,  it  is  necessary  to  briefly  recall  the  capital  distinction  between 
the  denumerabie  infinity  and  the  continuous  infinity.  An  infinite 
ensemble  is  said  to  be  denumerabie  if  its  terms  can  be  enumerated 
by  means  of  integers;  such  is  the  cose  for  the  ensemble  composed  of 
terms  of  a  simple  or  multiple  series;  we  can  also  cite  as  a  denumerabie 
ensemble  the  ensemble  of  the  rational  nimibers.  On  the  other  band, 
the  eneemble  of  all  the  numbers  comprised  between  0  and  1,  both 
commensurable  and  incommensurable,  is  not  demmierable;  we  say 
that  this  ensemble  has  the  same  power  as  the  continuum.  If  we  define 
a  discontinuous  function  by  a  series  each  term  of  which  admits  a  point 
of  discontinuity,  the  ensemble  of  these  points  of  discontinuity  is 
denumerabie,  as  are  the  terms  themselves.  Can  we  determine  a 
function  which  shall  be  totally  discontinuous — that  is  to  say,  one  whose 
points  of  discontinuity  shall  be  all  the  points  of  a  continuous  ensem- 
ble, and  not  merely  those  of  a  denumerabie  ensemble  1  It  would 
Beem  to  be  easy  to  imagine  such  a  function.  Such  is  the  function 
often  studied  which  is  equal  to  1  if  z  is  commensurable  and  to  x  if  2  is 
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iDconunensurable;  this  hmction  ia  indeed  discontinuous,  as  mtich  so 
for  the  commensiirable  values  as  for  the  incommensurable  values. 
If  we  look  a  little  closer,  we  jwrceive  that  the  discontinuity  is  not  of 
the  same  nature  in  these  points;  we  would  observe,  in  fact,  that  the 
commensurable  numbers  occupy  infinitely  less  space  on  the  axis  of 
the  x's  than  do  the  incommensurable  numbers.  The  ensemble  of 
these  commensurable  numbers  is  of  dimension  zero — that  is  to  say, 
it  can  be  confined  within  intervals  whose  total  extent  is  less  than  any 
niunber  given  in  advance.  Speaking  in  more  concrete  terms,  if  we 
choose  a  number  at  random,  the  probability  that  it  be  commensurable 
is  equal  to  zero.'  We  therefore  conclude  that  the  function  equal  to 
X  for  the  incommensurable  values  of  the  variable  is,  on  an  averoffe, 
continuous  for  these  incommensurable  values  whatever  be  its  values 
for  the  commensurable  values — that  ia  to  say,  that  if  we  choose,  in 
the  neighborhood  of  an  incommensurable  value,  for  which  we  study 
the  continuity,  another  value  taken  at  random,  it  is  infinitely  probable 
that  this  value  taken  at  random  will  aJso  be  incommensurable.  It 
ia,  then,  infinitely  probable  that  the  variation  of  the  function  will  be 
infinitely  small  when  the  variation  of  the  variable  is  small. 

This  remark  enables  us  to  understand  that  it  would  not  have  been 
possible  to  define  analytically  a  function  all  of  whose  points  should 
be  actually  points  of  total  discontinuity.  It  is  only  in  points  deter- 
mined according  to  the  definition  of  the  function,  and  playing  a  par- 
ticular part  in  this  definition,  that  the  function  is  actually  discontin- 
uous on  an  average. 

The  passage  from  the  finite  to  the  infinite,  when  we  are  concerned 
with  the  discontinuity  of  functions  is,  then,  not  effected  after  the 
manner  which  is  the  most  usual  in  classical  mathematical  physics, 
where  the  matter  is  supposed  to  be  continuous,  and  where  we  replace 
the  finite  by  the  continuous.  We  are  led  to  conceive  a  different 
process,  which  appears,  besides,  more  in  harmony  with  the  molecular 
conception  and  which  consists  in  replacing  the  very  great  finite  by  the 
denumerable  infinite. 

This  is  the  way  in  which  the  analytical  generalization  of  such  curves 
as  the  curves  H  presents  itself  from  this  point  of  view:  Let  us  con- 
sider a  number  written  in  the  form  of  an  interminate  decimal  hmc- 
tion and  let  us  inu^^e  that  the  figures  which  follow  the  decimal 
point  are  grouped  in  suecessive  periods,  each  period  containing  many 
more  figures  than  the  preceding  period.  To  each  period  we  ah^ 
make  correspond  one  term  of  a  series,  this  term  being  equal  to  zero 
if  in  the  corresponding  period  the  ratio  of  the  number  of  even  figures 
to  the  number  of  odd  figures  is  comprised  between  0.4  and  0.6,  while 
if  this  ratio  is  not  comprised  between  these  limits,  the  term  corre- 
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sponding  to  the  period  is  equal  to  the  term  of  the  same  order  of  a 
certain  conTergent  series  with  poaitiTe  terms.  It  is  clear  that,  if  the 
lengths  of  the  successive  periods  increase  rapidly,  it  is  infinitely 
probable  that  a  small  number  of  periods  only  will  furnish  terms  differ^ 
ent  from  zero.  Consequently,  the  series  which  correeponda  to  the 
decimal  nimiber  will  be  terminate;  this  terminate  series  has  a  certain 
sum,  which  remains  the  same  so  long  as  the  decimal  number  varies  so 
little  that  the  last  oti«i  of  the  periods  which  furnished  a  term  to  the 
series  be  not  modified;  at  lesst,  in  the  interval  thus  defined,  it  is  ex- 
tremely probable  that  the  function  corresponding  to  the  decimal 
number  preserves  this  constant  and  well  detemuned  value — that  is 
to  say,  is  represented  by  a  horizontal  line.  However,  there  are  in  this 
interval,  as  in  every  interval,  particular  decimal  numbers  for  which 
certain  periods  of  high  order,  perhaps  even  an  infinitude  of  such 
periods,  are  irregular  from  the  point  of  view  of  the  distrihution  of  the 
even  and  odd  figures.  There  are  then  intervals  which  are  extremely 
small,  and,  on  an  average,  extremely  rare,  but  nevertheless  every- 
where dense,  in  which  the  curve  runs  up  above  the  horizontal  line 
which  in  general  represents  it.  In  one  of  these  points,  which  we  may 
call  maxima  of  the  curve,  it  is  extremely  probable  that,  if  we  take  a 
neighboring  value  of  the  variable  at  random,  the  function  will  dimin- 
ish— that  is  to  say,  that  this  point  has,  on  an  average,  the  character 
of  a  maximum  in  a  point. 

In  the  preceding  example  the  maxima  are  represented  by  intervals 
more  or  lees  narrow  but  finite.  One  can  in  modifying  slightly  the 
definition  obtain  a  curve  which  would  coincide  everywhere  with  the 
axis  of  X,  excepting  in  points  not  filling  any  interval.  It  suffices  to 
agree  that,  in  theseries  which  we  have  just  defined,  we  replace  by  zero 
every  term  which  is  followed  by  an  infinitude  of  terms  equal  to  zero. 
The  new  series  can  then  he  different  from  zero  only  if  the  terms  of  the 
first  series  are  all,  starting  from  a  certain  order,  differ^t  from  zero. 

The  study  of  the  analytical  models  thus  obtained  lead  one  to 
tiioroughly  examine  the  theory  of  fimctions  of  real  variables  and 
even  to  conceive  new  notions,  such  as  the  notion  of  a/verage  derivative  * 
naturally  suggested  by  the  physical  example  of  the  function  H. 
Besidee,  it  is  necessary  to  observe  that,  in  Uie  study  of  these  func- 
tions, the  notion  of  continuous  ensemble  is  often  combined  with 
the  notion  of  denumerable  ensemble;  for  example,  it  is  easy  to  see 
that  the  ensemble  of  dedmal  numbers  whose  figures  are  all  odd 
presoLt  certain  characters  of  the  ensemble  of  all  the  decimal  num- 
berd ;  it  has,  as  we  say,  the  power  of  the  continuum,*  but  it  is,  however, 
of  zero  dimension. 
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We  may  also  connect  vith  these  considerations  the  theory  of. 
denumerable  probabilities,  that  is  to  say,  the  study  of  probabilities, 
in  the  case  where  either  the  infinitude  of  trials  or  the  infinitude  of 
possible  oases  is  denumerable,  a  study  lying  between  t^e  study  of 
probabilities  in  the  finite  caseB  and  the  study  of  continuous  proba- 
bilities. 

vn. 

In  spite  of  the  interest  of  problems  relating  to  functions  of  a  real 
variable,  it  is  the  theory  of  functions  of  a  complex  variable  which, 
since  the  immortal  discoveries  of  Cauchy,  is  really  the  center  of 
analysis.  The  analogy  between  the  theory  of  the  functions  which 
Cauchy  has  called  monogenic  functions  and  that  which  we  often 
call  analytical  functions  and  the  theory  of  Laplace's  equation  which 
potentials  satisfy,  is  certainly  one  of  the  most  fruitful  of  the  analo- 
gies of  analysis.  We  know  all  the  advantage  that  Riemann  has 
reaped  from  the  theory  of  potential  and  from  the  intuition  of 
physics  in  his  profound  researches  upon  this  functions  of  a  complex 
variable. 

It  is  then  natural  to  ask  one's  self  what  new  ideas  can  the  molecular 
theories  bring  forward  in  the  domain  of  complex  variables.  Here 
again  we  shall  be  led  to  replace  the  very  large  finite  number  by  the 
denxunerable  infinity.  It  is  easy  to  form  series  each  term  of  which 
presents  a  singular  point,  the  ensemble  of  the  terms  of  the  series 
thus  possessing  a  denumerable  infinitude  of  singular  points.  These 
singular  points  may,  for  example,  be  so  chosen  as  to  coincide  with 
all  such  points  among  the  points  inside  of  a  square  whose  two  coordi- 
nates are  rational.  The  most  simple  series  that  we  can  thus  form 
presents  itself  under  the  form  of  the  ^m  of  a  series  of  fractions 
each  of  which  admits  a  imique  pole,  which  is  a  simple  pole.  The 
physical  interpretation  in  the  domain  of  the  real  of.  such  a  series 
leads  one  to  consider  the  potential  of  a  system  composed  of  an 
infinitude  of  isolated  points,  the  mass  concentrated  in  each  of  the 
points  being  finite  (which  leads  to  the  admission  that  the  density 
in  each  such  point  is  infinite  if  the  point  be  abstractly  considered  as 
a  simple  geometrical  point  without  dimensions).  We  suppose,  as 
is  well  understood,  that  the  series  whose  terms  denote  the  values 
of  the  masses  is  convergent,  which  amounts  to  saying  that  the  total 
mass  is  finite,  although  concentrated  in  an  infinitude  of  flistinct 
points,  for  example,  in  all  the  points  whose  two  coordinates  are 
rational  numbers.  The  potential  with  which  we  are  now  concerned 
is  in  the  case  of  a  plane  what  we  call  logarithmic  potential.  We 
should  be  able  to  reason  in  an  analogous  manner  in  space  of  three 
dimensions ;  we  should  then  have  the  Newtonian  potential  properij 
speaking. 
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The  hypothesis  that  the  attracting  masses  are  simple  material 
pointe  without  dimensions  is  difficult  to  accept  from  a  physical 
point  of  view.  We  are  thus  led  to  carry  out  the  analyticaj  opera- 
tion of  dispersing  this  mass  in  a  small  circle  (or  small  sphere)  having 
the  point  for  center,  without  changing  the  potential  outside  of  this 
circle  (or  sphere).  We  shall  call  this  circle  (or  sphere)  the  "sphere 
of  action"  of  the  point  which  coincides  with  its  center.  We  shall 
choose  its  radius  to  be  proportional  to  the  mass  concentrated  at  ita 
center.  In  such  a  fashion  that  if  the  series  formed  by  the  messes 
converges  sufficiently  rapid,  we  can  so  arrange  that  the  radii  of  the 
spheres  of  action  also  form  a  rapidly  convei^iing  series,  and  that,  at  the 
same  time,  the  maximum  density  of  the  attracting  mass  be  finite. 
It  is  also  easy,  if  we  admit  that  we  dispose  arbitrarily  of  the  distri- 
bution of  the  masses  and  densities,  to  arrange  bo  that  the  distribu- 
^Q  in  each  sphere  of  action  reduces  to  zero,  and  so  for  its  denTatives, 
over  the  whole  surface  of  the  sphere.  The  distribution  of  the  density 
is  thus  not  only  finite,  but  continuous  throughout  space. 

The  hypothesis  that  we  have  made  concerning  the  convergence  of 
the  series  whose  terms  are  the  radii  of  the  spheres  of  actdon  implies 
the  convergence  of  the  series  whose  terms  are  the  projections  of  Uieee 
spheres  on  any  strai^t  line  whatever.  If,  thm,  in  this  series  we 
suppress  a  certain  number  of  the  first  terms,  the  remainder  of  the 
series  con  be  made  less  than  any  number  fixed  in  advance.  From  this 
we  conclude  that,  in  an  interval  small  as  you  please,  taken  on  the 
straight  line  on  which  we  project  the  spheres,  we  can  find  an  infinite 
number  of  points  which  appertain  at  the  most  to  a  finite  number  cS 
such  projections,  namely,  those  belonging  to  the  spheres  S  which 
correspond  to  the  first  terms  of  the  series  and  which  we  have  sup- 
pressed for  rendering  the  remainder  less  than  the  interval  considmvd. 
If  we  consider  a  plane  perpendicular  to  the  right  line  and  passing 
through  one  of  these  points  (tim  point  being  chosen,  as  is  possible, 
distinct  from  the  projections  of  iha  centers  of  the  spheres  S,  finite  in- 
number,  concerning  which  we  have  just  spoken),  this  plane  will  at 
most  intersect  a  finite  number  of  spheres  S  without  goiiLg  throu^ 
their  centers,  but  will  be  exterior  to  all  the  other  spheres  of  action.  It 
is  possible  to  modify  the  distribution  of  t^e  matt^  within  the  spheres 
S  which  are  finite  in  number  and  intersected  by  the  plane  in  such 
a  maimer  as  to  replace  these  spheres  by  smaller  spheres  which  do 
not  intersect  the  plane,  ths  operation  not  modifying  the  potential 
outside  of  the  spheres  and  the  density  remaining  finite,  since  the 
operation  relates  to  only  a  limited  number  of  spheres.  To  sum  up, 
it  is  possible  to  find  a  plane  perpendicular  to  any  right  line  whatever, 
cuit^ig  out  of  this  line  any  segment  whatevenr  given  in  advance  and 
8U(^  that  in  all  the  points  of  this  plane  the  density  shall  be  zero. 
Since  our  potential  function  is  defined  by  a  density  everywhere  finite 
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and  continuous,  this  potential  satisfies  the  equation  of  Foisson,  which 
reduces  itself  to  the  equation  of  Laplace  wherever  the  density  is  zero; 
that  is  to  aay,  in  all  the  points  of  the  planes  which  we  have  just 
defined.  It  was  not  profitless  to  insist  upon  this  point,  for  these 
planes  may  traverse  r^^ions  of  space  in  which  the  given  material 
points  are  everywhere  dense,  as  are,  for  example,  all  the  points  whose 
coordinates  are  rational  numbers.  We  might  have  entertained  a  fear 
lost  there  should  not  be  free  space  between  the  points  so  much  pressed 
together  in  any  manner  whatever;  we  have  just  seen  that  this  fear 
is  not  justified.  The  theorem  of  the  theory  of  ensembles  which  is 
necessary  and  sufficient  for  demonstrating  this  result  in  a  rigorous 
manner  is  the  following:  If  on  the  segment  of  a  atraight  line  we  luwe  an 
infinite  number  of  partial  segments  (in  space,  the  projections  of  spheres 
of  action)  whose  tot<U  length  ia  less  than  the  length  of  the  segmeni,  ih&'e 
eeisls  on  this  segment  an  tjifinite  nun^er  of  poijUs  which  do  not  pertain 
to  any  of  the  partial  segmeniB.  This  enunciation  is  almost  evident, 
and,  besides,  it  is  easy  to  rigorously  demonstrate. 

In  the  case  of  the  plane  we  shall  replace  the  spheres  by  circles  and 
the  plane  perpendicular  at  a  point  of  the  s^ment  by  a  perpendicular 
straight  line.  We  easily  prove  that,  even  in  the  r^on  where  the 
singular  points  are  everywhere  dense,  there  are  points  in  wliich  an 
infinite  number  of  such  lines  intersect  at  which  the  density  is  zero. 
In  these  points  logarithmic  potential  function  satisfies  Laplace's 
equation  in  two  variables.  If  we  study  in  a  similar  way  the  function 
of  a  complex  variable  with  poles  dense  in  one  region,  we  define  in 
this  region  an  infinite  number  of  straight  lines  of  continuity  inter- 
secting in  all  directions,  the  function  admitting  derivatives  which 
are  continuous  on  these  lines,  and  the  derivative  having  the  same 
value  in  all  the  directions  in  each  of  the  points  of  intersection.  For 
expressing  this  fact  we  shall  employ  the  expression  created  by 
Cauchy  for  designating  functions  which  admit  a  derivative  inde- 
pendent of  the  argument  of  the  increment  of  the  variable.  These 
functions  will  be  called  monogenic;  but  they  are  not  arudyiieal,  if  we 
rteerve  for  the  word  "analytical"  the  very  precise  meaning  which 
it  has  possessed  since  the  labors  of  Weierstrass. 

Without  lingering  on  the  physical  analogies  suggested  by  the 
existence  of  pianos  which  do  not  intersect  the  spheres  of  action  of 
the  attracting  masses,  I  wish  to  insist  a  little  upon  the  nature  of  the 
mathematical  problems  set  by  the  existence  of  the  mon<^nic  but 
nonanalytacal  functions. 

We  know  that  the  essential  properfy  of  anatytioal  functions  is 
that  of  being  determinate  in  their  whole  domain  of  existence  when 
their  values  are  given  in  one  portion,  however  little  it  may  be,  of 
this  domain.    la  this  property  a  consequeoce  of  analyticity — that  is 
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to  say,  of  the  existence  of  the  Taylor  series,  with  radius  of  conver- 
gence different  from  zero — or  of  monogeoeity;  that  is  to  say,  of  the 
existence  of  the  unique  derivative  ?  This  question  has  no  meaning 
ao  long  as  we  can  confound  analyticity  with  monogeneity.  On  the 
other  hand,  it  takes  a  very  clear  signification  as  soon  as  we  have 
succeeded  in  constructing  nonanalytical  monogenic  functions. 

To-day  I  can  not  enter  into  the  detail  of  the  deductions  whereby 
this  problem  has  been  resolved.'  Here  is  the  result:  It  is,  indeed, 
monogen^ty  which  is  the  essential  charactw  to  which  the  funda- 
mental property  of  analytical  functions  is  due.  This  fundamental 
property  subsists  for  the  nonanalytical  monogenic  functions  as  soon 
as  wo  specify  clearly  the  nature  of  the  domains  in  which  these  func- 
tions are  considered.  I  have  proposed  to  call  the  domains  satisfying 
these  distinct  conditions  domains  of  Cauchy.  A  domain  of  Cauchy 
is  obtained  by  cutting  off  from  a  continuous  domain  domains  of 
exclusion  analogous  to  the  spheres  of  action  just  mentioned,  domains 
which  may  be  infinite  in  number,  but  whose  sum  can  be  supposed  to 
be  less  than  any  given  number  (juat  us  the  spheres  or  circles  of  exclu- 
sion just  considered,  whose  radii  once  chosen  we  can  multiply  by 
any  number  less  than  unity,  and  are  free  to  increase  the  upper  limit 
of  the  density  in  the  same  time  that  we  decrease  the  radii  of  exclusion) . 

The  series  formed  by  these  excluded  domains  should,  as  is  well 
understood,  be  supposed  to  be  convergent;  moreover,  we  ought  to 
suppose  that  its  convergence  is  more  rapid  than  that  of  a  determi- 
nate series  which  it  is  not  necessary  to  write  here.  Under  these 
conditions,  which  refer  only  to  the  domun  and  not  to  the  function, 
every  function  which  in  Cauchy's  domain  satisfies  the  fundamental 
equation  of  mouogenity  possesses  the  essential  property  of  the  ana- 
lytical function.  We  can  calculate  it  throughout  its  domaia  of 
existence  by  the  knowledge  of  its  derivatives  at  one  point  (the  exist- 
ence of  the  first  derivative  involves  the  existence  of  all  the  derivatives, 
at  least  in  a  certain  domain  which  forms  part  of  the  Cauchy  domain) 
and  this  mode  of  calculation  implies  the  consequence  that,  if  the 
monogenic  function  be  zero  on  an  arc  however  small,  it  is  zero  in 
every  point  of  the  domain  of  Cauchy.  Two  functions  can  not,  then, 
coincide  on  an  arc  without  coinciding  throughout  their  domain  of 
existence,  in  the  generalized  sense. 

I  can  not  develop  the  consequences  of  these  results  from  point  of 
view  of  the  theory  of  functions;  but  I  would,  in  closing,  submit  to 
you  some  reflections  which  they  surest,  upon  the  relations  between 
mathematical  and  physical  continuity. 

•B«a  imSe  Boiri:  IWanltlon  »t  lUnMlDnPaxIrttde*  dw  KmcUma  nwnoginM  iiiiUpraM«(Pllllifat«r- 
nBtloiMiCoagr«BofMathwMtWiuw,CambrliltB(Etnl«od)|18ia).  '  -i  f"Ttliini imTtwihWi wrm mtly- 
tlqusi  (BnOetln  da  la  BooUU  maChAmsttqiu  d*  Fnnca,  IIU). 
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vin. 

The  majority  of  the.  equations  whereby  we  interpret  the  physical 
phenomena  have  certain  properties  of  continuity.  The  solutions 
vary  in  a  continuous  manner,  at  least  during  a  certain  interval 
greater  or  less  in  length,  when  the  given  quantities  vary  in  a  contin- 
uous manner.  Besides,  this  property  is  not  absolutely  general,  and 
it  might  happen  that  the  theories  of  the  quanta  of  emission  or  absorp- 
tion may  lead  to  attaching  more  importance  than  has  been  done  here- 
tofore to  exceptional  cases;  but  to-day  I  do  not  wish  to  b^in  this 
discussion.  1  rest  content  with  the  general  property,  verified  in  a 
very  great  number  of  casea. 

When  we  seek  to  interpret  this  property  in  the  theory  of  the  poten- 
tial and  of  the  mon(^enic  functions,  we  should  expect,  if  for  simpli- 
fication we  confine  ourselves  to  the  real  functions  of  a  single  variable, 
to  find  a  sort  of  continuous  passage  between  such  of  these  functions 
as  are  analytical  in  the  Weierstrassian  sense  and  those  which  are  en- 
tirely discontinuous.  But  it  is  this  which  does  not  occur  unless  we 
consider  nonanalytical  monogenic  functions.  From  the  moment 
when  a  function  ceases  to  be  uiatytical,  it  no  longer  possesses  any  of 
the  essential  properties  of  analytical  functions;  the  discontinuity  ia 
sudden.  The  new  monogenic  functions  permit  one  to  define  func- 
tions of  real  variables  which  might  be  called  quasianalytical  and 
which  constitute  in  some  way  a  zone  of  transition  between  the  class- 
ical analytical  functions  and  the  functions  which  are  not  determined 
by  the  knowledge  of  their  derivatives  in  a  point.  This  transition 
zone  deserves  to  be  studied;  it  is  often  the  study  of  hybrid  forms 
which  best  teaches  in  reference  to  certun  properties  of  clearly  deter- 
mined species. 

We  see  that  the  points  of  contact  between  molecular  physics  and 
mathematics  are  numerous.  I  have  been  able  only  to  rapidly  point 
out  the  principal  ones  among  them.  I  am  not  competent  to  ask 
whether  the  physicists  will  be  able  to  derive  an  immediate  profit 
from  these  analc^es;  but  I  am  convinced  that  the  mathematicians 
can  only  gain  by  going  Into  them  thoroughly.  It  is  always  by  a  con- 
tact with  nature  that  mathematical  analysis  is  revived.  It  is  only 
because  of  this  permanent  contact  that  it  has  been  able  to  escape 
the  danger  of  becoming  a  pure  symboHsm,  revolving  in  a  circle  about 
itself;  it  is  owing  to  molecular  physics  that  the  speculations  on  dis- 
continuity are  to  take  th^r  complete  signification  and  be  developed 
in  a  way  really  fruitful.  And,  for  lack  of  exact  applications  impossi- 
ble to  foresee,  it  is  sufficiently  probable  that  the  mental  habits  cre- 
ated by  these  studies  will  not  be  witliout  advantage  to  those  who 
shall  desire  to  undertake  the  task,  which  will  soon  be  imposed,  of  cre- 
ating an  analysis  adapted  to  theoretical  researehes  in  the  phy^cs  of 
discontinuity. 
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By  Prof.  G.  A.  MitLBB. 
Uttivenily  o/IlKmnt. 


MaUiematics  has  a  large  household  and  there  are  alwajs  rumors  of 
prospective  additions  deepite  her  ^e  and  her  supposed  austerity. 
Without  aiming  to  give  &  complete  list  of  the  names  of  the  members 
of  this  household  we  may  recall  here  a  few  of  the  most  prominent 
ones.  Among  thoee  which  antedate  the  beginning  of  the  Christian 
era  are  surveying,  spherical  astronomy,  general  mechanics,  and  mathe- 
matical optics.  Among  the  -most  thriving  younger  members  are 
celestial  mechanics,  thermodynamics,  mathematical  electricity,  and 
molecular  physics. 

Usually  a  laige  household  serves  as  one  of  ihe  strongest  incentives 
to  activity,  and  mathematics  has  alwa^  responded  heartily  to  this 
incentive.  As  the  most  efficient  continued  service  calls  for  miusual 
force  and  ingenuity,  mathematics  has  had  to  provide  for  her  own 
development  and  proper  nourishment  in  addition  to  providing  as 
liberally  as  possible  for  her  household.  This  double  object  must  be 
kept  prominently  before  our  eyes  if  we  would  com))rehend  the  present 
mathematical  activities  and  tendencies. 

There  is  another  important  incentive  to  mathematical  activity 
which  should  be  mentioned  in  this  connection.  Mathematics  has 
been  very  hospitable  to  a  large  number  of  other  sciences  and  as  a 
consequence  some  of  these  sciences  have  become  such  frequent 
visitors  that  it  is  often  difficult  to  distii^^h  them  from  the  regular 
members  of  the  household.  Among  these  visitors  are  economics, 
dynamical  geology,  dynamical  meteorology,  and  the  statistical  parts 
of  various  biological  sciences.  Visitors  usually  expect  the  best  that 
can  be  provided  for  them,  and  the  efforts  to  please  them  frequently 
lead  to  a  more  careful  study  of  available  resources  than  those  which 
are  put  forth  in  providing  for  the  r^ular  household. 
'  We  have  thus  far  spoken  only  of  what  might  be  called  the  material- 
istic incentives  for  mathematical  development.  While  these  have 
always  been  v«y  significant,  it  is  doubtful  whether  they  have  been 
ihe  most  powerful.     Symmetry,  harmony,  and  el^ance  of  form  have 
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always  appealed  powerfully  to  dame  mathematics;  and  a  keen 
curiosity,  fanned  into  an  intense  flame  by  little  bits  of  apparently 
incoherent  infonnation,  has  inspired  some  of  the  most  arduous  and 
prolonged  researches.  Incentives  of  iim  kind  have  led  to  the  rruUk^ 
maiies  of  the  invisi&Ze,  relating  to  refinements  which  are  essentially 
foreign  to  coimting  and  measuring.  The  first  important  refinement 
of  this  type  relates  to  the  concept  of  the  irrational,  introduced  by  the 
ancient  Greeks.  As  an  instance  of  a  comparatively  recent  develop- 
ment along  this  line  we  may  mention  the  work  based  upon  Dedekind'a 
definition  of  an  infinite  aggr^ate  as  one  in  which  a  part  is  similar  or 
equivalent  to  the  whole.' 

Mathematics  is  commonly  divided  into  two  parte  called  pure  and 
applied,  respectively.  It  should  be  observed  that  there  are  various 
degrees  of  purity,  and  it  is  very  difficult  to  say  where  mathematics 
becomes  sufficiently  impure  to  be  called  applied.  The  engineer  or 
the  physicifit  may  reduce  his  problem  to  a  differential  equation,  the 
student  of  differential  equations  may  reduce  his  troubles  to  a  question 
of  function  theory  or  geometry,  and  the  workers  in  tihe  latter  fields 
find  that  many  of  their  difficultiee  reduce  themselves  to  questions  in 
number  theory  *  or  in  higher  algebra.  Just  as  the  student  of  applied 
mathematics  can  not  have  too  tiioroi^  a  training  in  the  pure  matJie- 
matics  upon  which  the  applications  are  based  so  the  student  of  some 
parte  of  the  so-called  pure  mathematics  can  not  get  too  thorough  a 
training  in  the  basic  subjecte  of  this  field. 

As  mathematics  is  such  an  old  science  and  as  there  is  such  a  close 
relation  between  various  fields,  it  might  be  supposed  that  fields  of 
research  would  lie  in  remote  and  almost  inaccessible  parte  of  this 
subject.  It  must  be  confessed  t^at  this  view  is  not  without  some 
foundation,  but  these  are  days  of  rapid  transportation  and  the 
student  starts  early  on  his  mathematical  journey.  The  question  as 
r^ards  the  extent  of  explored  country  which  should  be  studied 
before  entering  unexplored  regbns  is  a  very  perplexing  one.  A  life- 
time would  not  suffice  to  become  acquainted  with  all  the  known  fields, 
and  there  are  those  who  are  so  much  attracted  by  the  e3q)lored  r^ons 
that  they  do  not  find  time  or  courage  to  enter  into  the  unknown. 

In  1S40  C.  Q.  J.  Jacobi  used  an  illustration,  in  a  letter*  to  his 
brother,  which  may  serve  to  emphasize  an  important  point.  He 
states  that  at  various  times  he  had  tried  to  persuade  a  young  man  to 
begin  research  in  mathematics,  but  this  youi^  man  always  excused 
himself  on  the  ground  that  he  did  not  yet  know  enough.  In  answer 
to  this  statement  Jacobi  asked  this  man  the  following  question: 
"Suppose  your  family  would  wish  you  to  many  would  you  then  also 

1  "EBordcqiMl*  dot  lOlaiOM  mattalnutlqliai,"  tdL  1.,  pt.  1,  IMM,  p.  9. 

■"DerUrquelltUirUatlieitutlkUDd  dla  guuen  Zahlsa,"  lUakowikJ,  nfapimmiMihf  ijn— ^-..tt~._ 
lM7,piBbca. 
•  ■•llrlatvoDbnl  iwtacbMi  C.  O.  J.  Jaeobi  und  U.  H.  Jwmbi,"  U07,  p.  «. 
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ivplj  that  you  did  not  see  how  you  could  many  now,  as  you  had  not 
yet  become  acquainted  with  aU  the  young  ladies  t" 

In  connection  with  this  remait  by  Jacobi  we  may  recall  a  remark 
by  another  prominent  G^erman  mathematician  who  also  compared 
the  choice  of  a  subject  of  research  with  marriage.  In  the  "Fest- 
schrift zur  Feier  des  100  Gebuistages  Eduard  Kunmier,"  1910,  page 
17,  Prof.  Hensel  states  that  Kummer  declined,  as  a  matter  of  prin- 
ciple, to  asaiga  to  students  a  subject  for  a  doctor's  thesis,  saying 
that  this  would  seem  as  if  a  young  man  would  ask  him  to  recom- 
mend a  pretty  young  lady  whom  Uiis  young  man  should  m^rry. 

While  it  may  not  be  profitable  to  follow  these  analogies  into 
details,  it  should  be  stated  that  the  extent  to  which  a  subject  has 
been  developed  does  not  necessarily  affect  adversely  its  desirability 
aa  a  field  of  research.  The  greats  the  ext^t  of  the  development 
the  more  frontier  r^ions  will  become  exposed.  The  main  question 
is  whetJaer  the  new  r^ons  which  lie  just  beyond  the  frontier  are 
fertile  or  barren.  This  question  is  much  more  important  than  the 
one  which  relates  to  the  distance  that  must  be  traveled  to  reach 
these  new  fields.  Moreover,  it  should  be  remembered  that  mathe- 
matics is  n-dimensional,  n  being  an  arbitrary  positive  int^er,  and 
hence  she  is  not  limited  in  her  progress  to  the  directions  suggested 
by  our  experiences. 

If  we  agree  with  Minkowski  that  the  integers  are  the  source  of  all 
mathonatics,*  we  should  remember  that  the  numbers  which  have 
gained  a  place  among  the  int^ers  of  the  mathematician  have  in- 
creased wonderfully  during  recent  times.  According  to  the  views 
of  the  people  who  preceded- Gauss,  and  according  to  the  elementary 
mathematics  of  the  present  day,  the  integers  may  be  represented 
by  points  situated  on  a  straight  line  and  separated  by  definite  fixed 
distance.  On  the  other  hand,  the  modem  mathematician  does  not 
only  fill  up  the  strai^t  line  with  algebraic  integers,  placing  them 
so  closely  together  that  between  any  two  of  them  there  is  another, 
but  he  fills  up  the  whole  plane  equally  closely  with  these  int^ers. 
If  our  knowledge  of  mathematics  had  increased  during  the  last  two 
cmturies  as  greatly  as  the  number  of  integers  of  the  mathematiciaii 
we  should  be  much  beyond  our  present  stage.  The  astronomers 
may  be  led  to  tiie  conclusion  that  the  imiverse  is  probably  finite, 
from  the  study  of  the  number  of  stars  revealed  by  telescopes  of 
various  powers,  but  the  mathematician  finds  nothing  which  seems  to 
contradict  the  view  that  his  sphere  of  action  is  infinite. 

Fiom  what  precedes  one  would  expect  that  the  number  of  fields 
of  mathematical  research  appears  unlimited,  and  this  may  servo  to 

'  Tbii  yiew  wH  iiij»iiii1  (•diet  by  Kmuoker,  who  m«  Uw  main  foandar  of  the  icbool  of  mtheniMi. 
rim  riK>  ■im  to  mait  tb*  conotpt  oT  lb«  poaltlTa  Intcsen  the  onlr  (tmndBtlDD  ol  maUuDUtf '~  "*  '"-'- 
md BAltmacIc,  " Ds uttU^natiKlu U&Unkbt andoi liAboBD BcholaD,"  1907, p.  tT& 
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furnish  a  partial  explanation  of  the  fact  that  it  seems  impossible  to 
give  a  complete  definition  of  the  term  mathematics.  If  the  above 
view  is  correct,  we  have  no  reason  to  expect  tliat  a  complete  defini- 
tion of  this  term  will  ever  be  possible,  although  it  seema  possible 
that  a  satisfactory  definition  of  the  developed  parts  may  be  forth- 
coming.* 

Among  the  various  fields  of  research  those  which  surround  a 
standing  problem  are  pei^aps  most  suitable  for  a  popular  exposi- 
tion, but  it  should  not  be  inferred  that  these  are  necessarily  the 
most  important  points  of  attack  for  the  young  investigator.  On  tiia 
contrary,  one  of  the  chief  differences  between  the  great  matihemati- 
cian  and  the  poor  one  is  that  tihe  former  can  direct  his  students  into 
fields  which  are  likely  to  become  well  known  in  the  near  future, 
while  the  latter  can  only  direct  them  to  the  well-known  standing 
problems  of  the  past,  whose  approaches  have  been  tramped  down 
scdid  by  the  feet  of  the  medio<Te,  who  are  often  even  too  stupid  to 
realize  their  limitations.  The  best  students  can  work  their  way 
through  this  hard  crust,  but  the  paddle  of  the  weaker  ones  will 
only  serve  to  increase  its  thickness  if  it  happens  to  make  any  impres- 
^n  whatever. 

It  would  not  be  difficult  to  furnish  a  long  list  of  standing  mathe- 
matical problems  of  more  or  less  historic  interest.  Probably  all 
would  agree  that  the  most  popular  one  at  the  present  time  is  Fer- 
mat's  greater  theorem.  In  fact,  this  theorem  has  become  so  popular 
that  it  takes  courage  to  mention  it  before  a  stxictly  mathematical 
audience,  but  it  does  not  appear  to  be  out  of  place  before  a  man 
general  audience  like  this. 

The  ancient  Egyptians  knew  that  3* +4' "•5*,  and  the  Hindus 
knew  several  other  such  triplets  of  integers  at  least  as  early  as  the 
fourth  century  before  the  Christian  era.*  These  triplets  constitute 
positive  integral  solutions  of  the  equation 

Pythagoras  gave  a  general  rule  by  means  of  which  one  can  find 
any  desired  number  of  such  solutions,  and  hence  these  triplote  are 
often  called  Pythagorean  numbers.  Another  such  rule  was  given  by 
Plato,  while  Euclid  and  Diophantus  generalized  and  extended  these 
rules. 

Fermat,  a  noted  French  mathematician  of  the  seventeenth  century, 
wrote  on  the  margin  of  a  page  of  his  copy  of  Diophantus  the  theorem 
that  it  is  impossible  to  find  any  positive  int^ral  solution  of  the 
equation 

a*  +  jr  =  3"  (n>2). 

I  SadtfT  dkoUMd  icmM  ol  the  pvpiaed  deflnlUoQi  Id  tha  BuUrtla  ot  tlw  Ameticu  IbUumttlol  SocMr, 
vol.3<]mt},p.  lU. 
I  LMsmwi,  ■'  Dec  PjrtluvnlaA*  LAnaU,"  HU,  p.  CO. 
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He  added  that  he  had  discoTered  a  wonderful  proof  of  this  theorran, 
but  that  the  mai^in  of  the  page  did  not  afford  enough  room  to  add 
it.*  This  thaoreci  has  since  become  known  as  Fennat's  greater  ^leo- 
rem  and  has  a  most  interesting  and  important  history,  which  we  pr<^ 
ceed  to  sketch. 

About  a  century  after  Fermat  had  noted  this  theorem,  Euler 
(1707-1783)  proved  it  for  all  the  cases  when  n  is  a  multiple  of  eitJier 
3  or  4,  and  during  the  following  century  Dirichlet  (1S05-1859)  and 
Legendre  (1752—1833)  proved  it  for  all  the  cases  when  n  is  a  multiple 
of  5.  The  moat  important  step  toward  a  general  proof  was  taken 
by  Kummer  (1810-1893),  who  applied  to  this  problem  the  modem 
theory  of  algebraic  numbers  and  was  thus  able  to  prove  its  truth  for 
all  multiples  of  primes  which'  do  not  exceed  100  and  also  for  all  the 
multiples  of  many  larger  primes. 

The  fact  that  such  eminent  mathematicians  as  Fermat,  Eoler, 
Dirichlet,  Legendre,  and  £ummer  were  greatly  intereated  in  this 
problem  was  sufficient  to  secure  for  it  considerable  prominence  in 
mathematical  literature,  and  several  mathematicians,  including 
Dickson,  of  Chicago,  succeeded  in  extending  materially  some  of  the 
results  indicated  above.  The  circle  of  those  taking  an  active  interest 
in  the  problem  was  suddenly  greatly  enlarged,  a  few  years  ago,  when 
it  became  known  that  a  prize  of  100,000  marks  (about  S25,000)  was 
awaiting  the  one  who  could  jH^sent  the  first  complete  solution. 
This  amount  was  put  in  trust  of  the  (jdttingen  Qesellschaf  t  der  Wissen- 
schaften  by  the  will  of  a  deceased  German  mathematician  named 
Wolfskehl,  and  it  is  to  remain  open  for  about  a  centiuy,  imtil  2007, 
unless  some  one  should  successfully  solve  the  problem  at  an  earlier 
date. 

It  is  too  early  to  detwmine  whether  the  balance  of  the  effects  of 
this  prize  will  tend  toward  real  progress.  One  desirable  feature  is  the 
fact  that  the  interest  on  the  money  is  being  used  from  year  to  year  to 
further  important  mathematical  enterprises.  A  certain  amount  of 
this  has  already  been  given  to  A.  Wieferich  for  results  of  importance 
toward  the  solution  of  Fermat's  problem,  and  other  amounts  were 
employed  to  secure  at  Gdttingen  courses  of  lectures  by  Poincarfi  and 
Xiorentz. 

What  appears  as  a  bad  effect  of  this  offered  prize  ia  the  fact  that 
many  people  with  very  meager  mathematical  training  and  still  less 
abiUty  are  wasting  their  time  and  money  by  working  out  and  publish- 
ing supposed  proofs.  The  number  of  these  is  already  much  beyond 
1  ,(X)0,  and  no  one  can  foresee  the  extent  to  which  this  kind  of  Uterature 
will  grow,  especially  if  the  complete  solution  will  not  be  attained 
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duting  tliB  century.  A  great  part  of  this  waste  woiild  be  eUminated 
if  those  who  would  like  to  test  their  ability  along  this  line  could  be 
induced  to  read,  before  they  offer  their  work  for  publication,  the  dis- 
cua^on  of  moie  than  100  supposed  proofs  whose  errors  are  pointed 
out  in  a  German  matJiematical  maga^e  called  "Archiv  der  Mathe- 
matik  und  Physik,"  published  by  B.  G.  Teubner,  of  Leipzig.  A  very 
useful  pamphlet  dealing  with  this  question  is  entitled,  "Vebex  das 
letzte  FermatiBche  Theorem,  von  B.  IJnd,"  and  was  also  published  by 
B.  G.  Teubner,  in  1910. 

A  possible  good  effect  of  ^ta  offered  prize  is  that  it  may  give  rise 
to  new  developments  and  to  new  methods  of  attadc.  As  the  most 
successful  partial  solution  of  the  problem  was  due  to  the  modem 
theory  of  algebraic  numbers,  one  would  naturally  aiqtect  that  further 
progress  would  be  most  likely  to  result  from  a  further  extension  of  this 
theory,  or,  possibly,  from  a  still  more  powerful  future  theory  of  nxaa- 
bers.  If  such  extensions  will  result  from  this  offer  they  will  go  far 
to  offset  the  bad  effect  noted  above,  and  they  may  leave  a  decided 
surplus  of  good.  Such  a  standing  problem  may  also  tend  to  lessen 
mathematical  idolatry,  which  is  one  of  the  most  serious  barriers  to 
real  progress.  We  should  welcome  everything  which  tends  to  elevate 
the  truth  above  our  idols  formed  by  men,  institutionB,  or  books. 

In  view  of  the  fact  that  the  offered  prize  is  about  $25,000  and  that 
lack  of  marginal  space  in  his  copy  of  Diophantua  was  the  reason 
given  by  Format  for  not  communicating  his  proof,  one  mig^t  be 
tempted  to  wish  Ihat  one  could  aend  credit  for  a  dime  back  through 
the  ages  to  Fermat  and  thus  secure  this  coveted  prize  and  the  won- 
derful proof,  if  it  actually  existed.  Tim  might,  howevw,  result  more 
seriously  than  one  would  at  first  suppose;  for,  if  Fermat  had  bought 
on  credit  a  dime's  worth  of  paper  even  during  the  year  of  his  death, 
1665,  and  if  this  bill  had  been  drawing  compound  interest  at  the  rate 
of  6  per  cent  since  that  time,  the  bill  would  now  amount  to  more  than 
seven  times  as  much  as  the  prize.  It  would  tha«fore  require  more 
than  $150,000,  in  addition  to  the  amoimt  of  the  prize,  to  settle  this 
bill  now. 

'While  it  is  very  desirable  to  be  familiar  with  such  standing  prob- 
lems as  Fermat's  theorem,  they  should  generally  be  used  by  the 
young  investigator  as  an  indirect  rather  than  as  a  direct  object  of 
research.  Unity  of  purpose  can  probably  not  be  secured  in  any 
better  way  than  by  keeping  in  close  touch  with  the  masters  of  the 
past,*  and  this  imity  of  purpose  is  almost  essential  to  secure  real 
effective  work  in  the  immense  field  of  mathematical  endeavor.  As 
a  class  of  problems  which  are  much  more  suitable  for  direct  objects 
of  research  on  the  part  of  those  who  are  not  in  close  contact  with  a 
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master' in  hia  field,  ve  may  mention  the  numerous  prize  subjects 
which  are  announced  from  year  to  year  by  foreign  academies. 

Among  the  learned  societies  which  announce  such  subjects  the 
Paris  Academy  of  Siaences  is  probably  most  widely  known,  but  there 
are  many  others  of  note.  The  subjects  announced  annually  by  these 
societies  cover  a  wide  range  of  mathematical  interests,  but  they  are 
frequently  beyond  the  reach  of  the  young  investigator.^  It  is  very 
easy  to  obtain  these  subjects,  since  they  generally  appear  in  the 
"notes"  of  many  mathematical  journals.  In  our  country  the  Bul- 
letin of  the  American  Mathematical  Sodety  is  rendering  very  useful 
service  along  this  and  many  other  lines.  While  some  of  these  sub- 
jects are  very  general,  there  are  others  which  indicate  clearly  the 
particular  difficulties  which  must  be  overcome  before  further  progress 
in  certain  directions  seems  possible  and  hence  these  subjects  deserve 
careful  study,  especially  on  the  part  of  the  younger  investigators. 

As  long  as  one  is  completely  guided,  in  selecting  subject^^r  re- 
search, by  the  standing  problems  or  by  the  subjects  announced  by 
learned  bodies  and  those  proposed  individually  by  prominent  inves- 
tigators, one*is  on  safe  ground.  Real  progress  along  any  of  these 
lines  is  welcomed  by  our  best  journals,  as  such  progress  can  easily  be 
measured,  and  it  fits  into  a  general  trend  of  thought  which  is  easily 
accessible  in  view  of  the  many  developed  avenues  of  approach. 
Notwithstanding  these  advantages,  the  real  investigator  should  roach 
the  time  when  he  can  select  hia  own  problems  without  advice  or 
authority;  when  he  feels  free  to  look  at  the  whole  situation  from  a 
higher  point  of  view  and  to  assume  the  responsibiUty  of  an  ind^ 
pendent  choice,  irrespective  of  the  fact  that  an  independent  choice 
may  entail  distrust  and  misgivings  on  the  part  of  many  who  would 
have  supported  him  nobly  if  he  had  remained  on  their  plane. 

In  looking  at  the  whole  situation  from  this  higher  point  of  view 
many  new  and  poplexing  questions  confront  us.  Why  should  the 
dev^opments  of  the  past  have  followed  certain  routfnl  What  is 
the  probability  that  the  development  of  the  territory  lying  between 
two  such  routes  will  exhibit  new  points  of  contact  and  greater  unity 
in  the  whole  development  t  What  should  be  some  guiding  principles 
in  selecting  one  rather  than  another  subject  of  investigation  1  What 
explanation  can  we  give  for  the  fact  that  some  r^ons  bear  evidences 
of  great  activity  in  the  past  but  are  now  practically  deserted,  while 
others  maintained  or  increased  their  relative  popularity  through  all 
times? 

One  of  the  most  important  tests  that  can  be  applied  to  a  particular 
mathematical  theory  is  whether  it  serves  as  a  unifying  and  clarifying 
principle  of  wide  appUcations.    Whether  these  appUcations  relate  to 
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pure  jasthematica  only  or  to  related  fields  seems  less  important.  In 
fact,  the  subjects  of  application  may  have  to  bo  developed.  If  this 
ia  the  case,  it  is  so  much  the  better  provided  always  that  the  realm 
of  thought  whose  relations  are  exhibited  by  the  theory  ia  extensive 
and  that  the  relations  are  of  such  a  strikiiig  character  as  to  appeal  to 
a  large  number  of  mathematical  intellects  of  the  present  or  of  the 
future.  Some  isolated  facts  may  be  of  great  interest,  but  as  long  as 
'  they  axe  isolated  they  have  little  or  no  real  mathematical  interest. 
One  object  of  mathematics  is  to  enable  us  to  deal  with  infinite  sets 
with  the  same  ease  and  confidence  as  if  they  were  individuals.  In 
this  way  only  can  our  finite  mind  treat  systematically  some  of  the 
infinite  sets  of  objects  of  mathematical  thought. 

-In  comparatively  recent  years  the  spirit  of  oi^anization  has  made 
itself  felt  among  mathematicians  with  rapidly  increasii^  power,  and 
it  has  already  led  to  many  important  results.  Spinning  with  small 
informal  organizations  in  which  the  social  element  was  often  most 
prominent,  there  have  resulted  large  societies,  national  and  even 
international,  with  formal  organizations  and  with  extensive  publica- 
tions. In  reference  to  one  of  these  early  organizations,  the  mathe- 
matical society  of  Spitalfields  in  London,  which  lasted  for  more  than 
a  century  (1717-1845),  it  is  said  that  each  member  was  expected  to 
come  to  the  meetings  with  his  pipe,  his  mug,  and  bis  problem.* 

The  modem  mathematical  society  is  dominated  by  a  different 
spirit.  It  generally  supports  at  least  one  organ  for  publication,  and 
scholu'ly  pubUcity  develops  scholarly  cooperation  as  well  as  scholarly 
ambitions.  Hiis  cooperation  has  led  to  movements  which  could  not 
have  been  undertaken  by  a  lew  individuals.  '  One  may  recall  here  the 
Kevue  Semestrielle,  published  under  the  aiispices  of  the  Amsterdam 
Ikfathematicat  Society;  the  extensive  movement  to  examine  and 
compere  methods  and  courses  of  mathematical  instruction  in  various 
countries,  inaugurated  at  the  fourth  international  congress,  held  at 
Borne  in  1908;  and,  especially  the  great  mathematical  encyclopedias, 
whose  start  was  lugely  influenced  by  the  support  of  the  deutschen 
Mathematiker-Vereinigung  as  exjnressed  at  the  Vienna  meeting  in 
1894.  Ilie  French  edition  of  the  latter  work,  which  is  now  in  the 
course  of  pubUcation,  is  expected  to  include  34  large  volumes,  besides 
those  which  are  to  be  devoted  to  questions  of  the  philosophy,  the 
teaching,  and  the  history  of  mathematics. 

These  encyclopedias  and  other  large  works  of  reference  are  doing 
much  to  expedite  travel  in  the  mathematical  field.  In  fact,  it  would 
probably  not  be  ex^gerating  if  we  should  say  that  by  these  encyclo- 
pedias alone  the  distances  in  time  and  effort  between  many  points 
of  the  mathematical  field  have  been  cut  in  two.  In  this  connection 
it  may  be  fitting  to  recall  with  a  deep  sense  of  obligation  the  great 

'"EiwiinhTOiiladuDarwwtWiiUavntiiePlellEinlDenKraiimdaala  FtoUam  nltbrkici."    Cantor, 
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work  which  is  being  done  by  the  Royal  Society  of  London — not  only 
for  mathematics,  but  also  for  a  large  number  of  other  sciences — ^in  pro- 
viding bibliographical  aids  on  a  large  scale.  If  the  increase  in  knowl- 
edge will  always  be  attended  by  a  corresponding  increase  in  means  to 
learn  readily  what  is  known,  even  the  young  investigator  of  the  future 
will  have  no  reason  to  regret  the  extent  of  the  developments.  On  the 
contrary,  these  should  make  his  task  easier,  since  they  furnish  such  a 
great  richness  of  analogies  and  of  tried  methods  of  attack. 

The  last  two  or  three  decades  have  witnessed  a  great  extension  of 
mathematical  research  activity.  As  a  result  of  this  we  have  a  large 
number  of  new  mathematical  societies.  A  few  of  the  most  recent 
ones  are  as  follows:  Calcutta  Mathematical  Society  (1908),  Man- 
chester Mathematical  Society  (1908),  Scandinavian  Congress  of 
Mathematicians  (1909),  Swiss  Mathematical  Society  (1910),  Spanish 
Mathematical  Society  (1911),  and  the  Russian  Congress  of  Mathe- 
maticians (1912).  In  Japan  a  new  mathematical  periodica],  cEiUed 
Tfthoku  Mathematical  Journal,  was  started  in  1911,  and  a  few  years 
earlier  the  Journal  of  the  Indian  Mathematical  Society  was  started 
at  Madras,  India.  The  Calcutta  Mathematical  Society  and  the 
Spanish  Mathematical  Society  hare  also  started  new  periodicals 
during  the  last  two  or  three  years. 

While  there  has  been  a  reiy  rapid  spread  of  mathematical  activity 
during  recent  years,  it  must  be  admitted  that  the  greater  part  of  the 
work  which  is  being  done  in  the  new  centers  is  quite  elementary  from 
the  standpoint  of  research.  The  city  of  Paris  continues  to  hold  its 
preeminent  mathematical  position  among  the  cities  of  the  world, 
and  Germany,  France,  and  Italy  continue  to  lead  all  other  countries 
in  regard  to  the  quality  and  the  quantity  of  research  in  pure  mathe- 
matics. 

Although  America  is  not  yet  doing  her  ^lare  of  mathematical 
research  of  a  high  order,  we  have  imdoubtedly  reached  a  position  of 
respectability  along  this  line,  and  it  should  be  easier  to  make  further 
progress.  Moreover,  our  material  faciUtiee  are  increasing  relatively 
more  rapidly  than  those  of  the  countries  which  are  ahead  of  us,  and 
hence  many  of  our  younger  men  start  under  very  favorable  condi- 
tions. Unfortunately,  there  is  not  yet  among  us  a  sufficiently  hi^ 
appreciation  of  scholarly  attainments  and  scientific  distinction.  The 
honest  and  outspoken  investigator  is  not  always  encour^ed  as  he 
ought  to  be  and  the  best  positions  do  not  always  seek  the  best  man. 
I  coupled  "outspoken"  with  "investigator"  advisedly, since  research 
of  high  order  implies  Uberty  and  scorns  shams,  especially  shams  relating 
to  scholarship.  Even  along  these  lines  there  seems  to  be  encourag- 
ing progress,  and  this  progress  may  reasonably  be  expected  to  increase 
with  the  passing  of  those  who  belong  to  the  past  in  spirit  and  attain- 
ments. What  appears  to  bo  a  very  serious  element  in  our  situation 
is  the  fact  that  the  American  univereity  professor  does  not  yet  seek  ^ 
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and  saf^uard  his  freedom  with  the  zeal  of  his  European  colleague. 
It  is  too  commonly  assumed  that  loyalty  implies  lying. 

The  investigators  in  pure  mathematics  form  a  small  army  of  about 
2,000  men  and  a  few  women,^  Tlie  question  naturally  arises,  What 
is  this  httle  army  ttying  to  accomplish?  A  direct  answer  is  that  they 
are  trying  to  find  and  to  construct  paths  and  roads  of  thou^t  whidi 
connect  with  or  belong  to  a  network  of  thought  roads  commonly 
known  as  mathematics.  Some  are  engaged  in  constructing  traib 
throng  what  appears  an  almost  impassable  r^on,  while  others  are 
widening  and  smoothing  roads  which  have  been  traveled  for  centiiriee. 
There  are  others  who  are  ei^aged  in  driving  piles  in  the  hope  of  secur- 
ing a  sohd  foundation  throu^  r^ons  where  quicksand  and  mire 
have  combined  to  obstruct  progress. 

A  characteristic  property  of  mathematics  is  that  by  means  of  cer- 
tain postulates  its  thought  roads  have  been  proved  to  be  safe  and 
they  always  lead  to  some  prominent  objective  points.  Hence  they 
primarily  serve  to  economize  thought.  The  number  of  objects  of 
mathematical  thought  is  infinite,  and  these  roads  enable  a  finite  mind 
to  secure  an  intellectual  penetration  into  some  parts  of  this  infinitude 
of  objects.  It  should  also  be  observed  that  mathematics  counts  of 
a  connected  network  of  thought  roads,  and  mathematical  progress 
means  that  otlier  such  connected  or  connecting  roads  are  being  estab- 
lished which  either  lead  to  new  objective  points  of  interest  or  exhibit 
new  connections  between  known  roads. 

The  network  of  thought  roads  called  mathematics  furnishes  a  very 
interesting  chapter  in  the  intellectual  history  of  the  world,  and  in 
recent  years  an  increasing  number  of  investigators  have  entered  tibe 
field  of  mathematical  history.  The  results  are  very  encouraging. 
In  fact,  there  are  very  few  other  parts  of  mathematics  where  the 
progress  during  the  last  20  years  has  been  as  great  as  in  this  history. 
This  progress  is  partly  reflected  by  special  courses  in  this  subject  in 
the  leading  universities  of  the  world.  While  the  earliest  such  course 
seems  to  have  been  given  only  about  40  years  ago,  a  considerable 
number  of  universities  are  now  offering  regular  courses  in  this  subject, 
and  these  courses  have  the  great  advantage  that  they  establish  another 
point  of  helpful  contact  between  mathematics  and  other  fields. 

Mathematical  thought  roads  may  be  distinguished  by  the  facts 
that  by  means  of  certain  assumptions  they  have  been  proved  to  lead 
safely  to  certain  objective  points  of  interest,  and  each  of  them  con- 
nects, at  least  in  one  point,  with  a  network  of  other  such  roads  which 

1  Batmm  5  and  10  per  <«>it  of  tlis  memban  of  tba  Anwiioan  Unthninatlcal  Boolaly  srs  wdduq,  but  tba 
pir  oant  of  VDinm  In  tba  leodlDg  tnrelgn  mathematical  ncktlra  la  much  Diulliir.  Leas  than  S  pa  cent 
af  tbs  membtn  ol  Iba  natlni^  taathamstteal  soclstta  of  Fiance,  OtTmaiiy ,  and  Spain  an  iromm,  amardtag 
Ut  leoent  liad  ol  memben.  The  per  ceat  of  tmpoluit  mfiiu)m>iirfi  contribatlona  b;  women  das  not 
appear  to  be  tartar,  as  a  rnle,  than  that  of  tbeb- repnasntatiDn  In  the  ludlng  soeletiM.  The  UrtoC  about 
300  caUabontan  on  the  great  nair  Oerman  and  I^rench  mathematlcsl  encyolopedlaa  doei  not  aeem  to 
taoludeaDjr  voman.  FoBlbly  womco  denot  ptlia  mfltokntly  iDIeUiotual  Qvedom  to  beeome  good  mattia- 
imUm)  InveMl^tora.   Bonw  ot  them  eithlbit  excellent  ablUty  a<  malhBinstical  itudeot*. 
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were  called  mathematics,  paB^paza,  by  the  ancient  Greeks,  The 
mathematical  investigator  of  the  present  day  is  pushing  these  thought 
roads  into  domains  which  were  totally  unknown  to  the  older  mathe- 
maticians. Whethw  it  will  ever  be  possible  to  penetrate  all  scientific 
knowledge  in  this  way  and  thus  to  unify  all  the  advanced  scientific 
subjects  fd  study  under  the  general  term  of  mathematics,  as  was  the 
case  with  the  ancient  Greeks/  is  a  question  of  deep  interest. 

The  scientific  world  has  devoted  much  attention  to  the  collection 
and  the  classification  of  facts  relative  to  material  things  and  has 
secured  already  an  immensely  valuable  store  of  such  knowledge.  As 
the  number  of  these  facts  increases,  stronger  and  stronger  means  of 
intellectual  penetration  are  needed.  In  many  cases  mathematics  has 
already  provided  such  means  in  a  laige  measure;  and,  judging  from 
the  past,  one  may  reasonably  expect  that  the  demand  for  such  means 
will  continue  to  increase  as  long  as  scientific  knowledge  continues  to 
grow.  On .  the  other  hand,  the  domain  of  logic  has  been  widely 
extended  through  the  work  of  Russell,  Foincar6,  and  others;  and 
Russell's  conclusion  that  any  false  proposition  implies  all  other  prop- 
ositions whether  true  or  false  is  of  great  general  interest. 

During  the  last  two  or  three  centuries  there  has  been  a  most 
remarkable  increase  in  facilities  for  publication.  Not  only  have 
academies  and  societies  started  journals  for  the  use  of  their  members, 
but  numerous  journals,  inviting  suitable  contributions  from  the  pubUo 
have  arisen.  The  oldest  of  the  latter  type  is  the  Journal  des  89a vans, 
which  was  started  at  Paris  in  1665,  while  the  Transactions  of  the 
Royal  Society  of  London,  started  in  the  same  year,  should  probably 
be  re^^ded  as  the  oldest  of  the  former  type.  These  journab  have 
done  an  inestimable  amount  of  good  for  the  growth  of  knowledge 
and  the  spread  of  the  spirit  of  investigation.  At  the  present  time 
more  than  2,000  articles  which  are  supposed  to  be  contributions  to 
knowledge  in  pure  mathematics  appear  annually  in  such  periodicals. 
In  addition  to  these  there  is  a  growing  annual  l^t  of  boolra. 

The  great  extent  of  the  fields  of  mathematics  and  the  rapid  growth 
of  this  literature  have  made  it  very  desirable  to  secure  means  of 
judging  more  easily  the  relative  merit  of  various  publications.  Along 
this  line  our  facilities  are  atill  very  meager  and  many  serious  diffi- 
culties present  themselves.  In  America  we  have  the  book  reviews 
and  the  indirect  means  provided  by  the  meetings  of  various  societies 
and  by  such  publications  as  the  "American  Men  of  Science." 

The  most  important  aid  to  judge  contemporaneous  work  is  fur- 
nished by  a  Guman  publication  known  as  the  Jahrbuch  fiber  die 
Fortschritte  der  Mathematik.  In  this  work  there  appear  annually 
about  1,000  pages  of  reviews  of  books  and  articles  published  two  or 
three  years  earlier.    These  reviews  are  prepared  by  about  60  different 

'  The  tone  m»tlmn>tlc»  w»a  flratoil  with  to  pnnat  inDteM  "»—"■"(  b;tha  Pir^tUtSa  SobooL 
Cutor,  ■■  VmlMiuigai  flbn  GaacMchU  del  MfttbamMlk,"  Td.  1  (IMT),  S.2A  ,  ^- 
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mathematici&ns  who  are  aupposed  to  be  well  prepared  to  pass  judg- 
ment on  the  particular  books  and  articles  which  they  undertake  to 
review.  While  these  reviews  are  of  very  unequal  merit,  they  are 
rendering  a  service  of  the  greatest  value. 

The  main  object  of  such  reviews  is  to  enable  the  true  student  to 
learn  easily  what  progress  others  are  making,  cepedally  in  his  own 
field  and  in  those  closely  related  thereto.  They  serve,  however, 
another  very  laudable  purpose  in  the  case  that  they  are  reliable.  We 
have  the  pretender  and  the  unscrupulous  always  with  us,  and  it  is 
almost  as  important  to  limit  their  field  of  operation  as  to  encourage 
the  true  investigator.  "Companions  in  zealous  research"  should  be 
fearless  in  the  pursuit  of  truth  and  in  the  disclosure  of  falsehood,  since 
these  qualities  ore  essential  to  the  atmosphere  which  is  favorable  to 
research. 

While  the  mathematical  investigator  is  generally  so  engrossed  by 
the  immediate  objects  in  view  that  he  seldom  finds  time  to  think  of 
his  services  to  humanityasawhole,  yet  such  thoughts  naturally  come 
to  him  more  or  leas  frequently,  especially  sine©  his  direct  objects  of 
research  seldom  are  well  suited  for  subjects  of  general  conversation. 
If  these  thoughts  do  come  to  him  they  should  bring  with  them  great 
inspiration.  Who  can  estimate  the  amount  of  good  mathematics  has 
done  and  is  doing  now?  If  all  knowledge  of  mathematics  could 
suddenly  be  taken  away  from  us  there  would  be  a  state  of  chaos,  and 
if  all  those  things  whose  development  depended  upon  mathematical 
principles  could  be  removed,  our  lives  and  thoughts  would  be  pauper- 
ized immeasurably.  This  removal  would  sweep  away  not  only  our 
modem  houses  and  bridges,  our  commerce  and  landmarks,  but  also 
most  of  our  concepts  of  the  physical  universe. 

Some  may  be  tempted  to  say  that  the  useful  parts  of  mathematics 
are  very  elementary  and  have  little  contact  with  modern  reaeardi. 
In  answer,  we  may  observe  that  it  is  very  questionable  whether  the 
ratio  of  the  developed  mathematics  to  that  which  is  finding  direct 
application  to  things  which  relate  to  material  advantages  is  greater 
now  than  it  was  at  the  time  of  the  anoi^it  Greeks.  The  last  two 
centuries  have  witnessed  a  wonderful  advance  in  the  pure  mathe- 
matics which  is  commonly  used.*  While  the  advance  in  the  extrat 
of  the  developed  fields  has  also  been  rapid,  it  has  probably  not  been 
relatively  more  rapid.  Hence,  the  mathematioal  investigator  of 
to-day  can  pursue  his  work  with  the  greatest  confidence  as  regards  his 
services  to  the  general  uplift  both  in  thought  and  in  material  better- 
ment of  the  human  race.  All  of  his  real  advances  may  reasonably  be 
expected  to  be  enduring  elements  of  a  structure  whose  permanence  is 
even  more  assured  than  that  of  granite  pillars. 

■  In  1736,  uiUuiwUc  and  geometry  were  itudled  diulDg  Uie  aenlat  yai  la  HkthiI  College.   Katunl 
-tophr  and  ph;ilci  <rcn  HHI  tangbt  bdcn  vltlunetla  and  feofiHtT;.    Cajcd,  "The  Tcachluc  ud 
'  of  UMbniatlciln  the  Umud  Statee,"  UN,  p.  n. 
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By  M.  Henri  Poincar^. 


When  M.  Abraham  came  to  me  and  asked  that  I  close  this  series  of 
seesionfl  of  the  Soci£t4  franciaise  de  Fhjrsique,  I  was  at  first  inclined 
to  refuse.  It  seemed  as  if  each  subject  had  been  completely  dis- 
cussed and  that  I  could  have  nothing  to  add  to  that  which  had 
already  been  so  well  said.  I  could  only  try  to  put  in  words  the  impres- 
sion which  seemed  to  emerge  as  a  summary  of  all  the  discussions,  and 
that  impression  was  so  definite  that  each  of  you  must  have  felt  it.  I 
did  not  see  how  I  could  make  it  any  clearer  by  forcing  myself  to  put 
it  into  words.  But  M.  Abraham  insisted  with  such  good  grace  that 
I  resigned  myself  to  the  inevitable  difficulties  of  which  the  greatest 
is  to  repeat  what  each  one  of  you  has  long  since  felt,  and  the  least  is 
to  run  through  a  maze  of  diverse  subjects  without  the  time  to  dwell 
on  any  one  of  them. 

One  thought  must  at  once  have  struck  all  those  present.  The  old 
mechanical  and  atomic  hypotheses  have,  during  recent  years,  become 
BO  plausible  that  they  have  ceased  to  seem  lUie  hypotheses;  atoms 
are  no  longer  just  a  convenient  fiction.  It  seems  almost  as  if  we 
could  see  them,  now  that  we  ^ow  how  to  count  them.  A  theory 
assumes  reality  and  gains  in  probability  when  it  accounts  for  new 
facts.  Yet  this  may  result  in  different  ways.  Generally  it  has  to 
be  enlai^ed  to  include  the  new  data.  Sometimes  it  loses  in  precision 
as  it  becomes  broader.  Sometimes  it  becomes  necessary  to  engraft 
upon  it  an  accessory  hypothesis  which  plausibly  fits  in  with  it,  but 
which  nevertheless  is  somewhat  foreign  to  it,  and  contrived  expressly 
to  fit  a  certain  case.  Then  it  can  scarcely  be  said  that  the  new 
facts  confirm  the  ori^al  hypothesis,  only  that  they  are  not  incon- 
sistent with  it.  Or,  again,  there  may  be  between  the  new  facts  and 
the  old,  for  which  the  hypotheeis  was  ori^ally  conceived,  such  an 
intimate  connection  that  whatever  theory  renders  account  of  one  must, 
because  of  that  connection,  render  account  of  the  other  as  well. 
Then  the  new  data  which  fall  in  with  the  old  are  really  only  appar- 
ently new. 

Re^inted  bj  pecmlnUia 
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It  is  quite  differeat  when  we  discover  a  coincidence  which  could 
have  been  predicted,  and  is  thus  not  the  result  of  chance,  and  espe- 
cially when  that  coincidence  is  a  numerical  value.  Now,  there  are 
coincidences  of  this  last  nature  which  have  rec^itly  brought  confir- 
mation to  our  atomic  views. 

The  kinetic  theory  of  gases  has  thus  received  unexpected  corrob- 
oration. New  theories  have  been  very  closely  patterned  after  tiie 
kinetic  theory,  for  instance,  the  theory  of  solutions  as  well  as  the 
electronic  theory  of  metals.  The  molecules  of  a  dissolved  substance, 
as  well  as  the  free  electrons  to  which  metals  owe  their  electrical  con- 
ductivity, behave  just  as  do  the  molecules  of  a  gaa  within  its  inclo- 
sure.  The  parallelism  is  perfect  and  can  be  followed  even  to  nimiei^ 
ical  values.  Thus  what  seemed  doubtful  becomes  probable.  £ach 
one  of  these  three  theories,  if  it  had  to  stand  by  itself,  would  seem 
only  an  ingenious  hypothesis  for  which  we  might  substitute  other 
explanations  equally  probable.  But  when,  as  in  each  of  the  three 
cases,  a  different  explanation  would  be  necessary,  the  coincidences 
found  would  be  inadmissible  as  the  result  of  chance,  whereas  the 
kinetic  theories  make  the  coincidences  necessary.  Further,  the 
theory  of  solutions  quite  naturally  leads  us  to  that  of  the  Brownian 
movements,  where  it  is  impossible  to  consider  the  thermal  agitation 
as  a  theoretical  fiction,  since  it  is  actually  seen  under  the  microscope. 

The  remarkable  counting  of  the  number  of  atoms  by  Ferrin  com- 
pleted the  triumph  of  the  atomic  theory.  What  carries  our  convic- 
tion are  the  multiple  concordfmces  among  the  results  obtfuned  by 
completely  diilerent  procedures.  But  a  short  time  ago  we  would 
have  thought  ourselves  fortunate  if  the  numbers  found  had  the  same 
number  of  digits;  we  would  have  asked  only  that  the  first  significant 
figure  should  be  the  same.  That  first  figure  we  know  to-day.  What 
is  more  remarkable,  we  are  now  discussing  even  the  most  diverse 
properties  of  the  atoms.  In  the  processes  used  with  the  Brownian 
phenomenon,  or  in  those  used  for  the  law  of  radiation,  we  do  not  deal 
directly  with  the  number  of  atoms,  but  with  their  degrees  of  freedom 
of  movement.  In  that  process  where  we  consider  the  blue  of  the 
sky,  the  mechanical  properties  of  the  atoms  come  into  play;  the 
atoms  are  looked  upon  as  producing  an  optical  discontinuity.  Finally, 
when  we  take  in  hand  radium,  what  we  observe  is  the  emission  of 
projectiles.  Here,  were  there  discordances,  no  embarrassment  would 
have  been  felt,  but  happily  there  were  none. 

The  atom  of  the  chemist  is  now  a  reality.  But  that  does  not  mean 
that  we  have  reached  the  ultimate  limit  of  the  divimbihty  of  matter:  ~- 
When  Democritus  invented  the  atom  he  considered  it  as  the  abso- 
lutely indiviuUe  element  within  which  there  would  he  nothing 
further  to  distinguish-  That  is  what  the  word  meant  in  Greek.  It 
was  for  that  reason  that  it  was  coined.    Beyond  tixe  atom  he  wished 
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DO  further  mystery.  Therefore  the  atom  of  the  chemist  would  not 
h&ye  satisfied  him  since  that  is  not  indivisible;  it  is  not  a  true  element; 
it  is  not  free  from  mystery,  from  secreta.  The  chemist's  atom  is  a 
universe.  Democritus  would  have  considered,  even  after  so  much 
trouble  in  finding  it,  that  we  were  still  only  at  the  beginning  of  our 
search — these  philosophers  are  never  satisfied. 

And  BO  the  second  thought  which  comes  home  to  us  is  that  each 
new  phy^cal  discovery  brings  added  complexity  to  the  atom.  To 
b^n  with,  these  bodies,  which  we  believed  simple,  and  which  indeed 
do  act  in  many  ways  like  simple  bodies,  may  be  separated  into  yet 
simpler  components.  This  atom  disintegrates  into  yet  smaller 
atoms.  What  we  call  radioactivity  is  the  perpetual  breaking  up 
of  atoms.  It  is  sometimes  spoken  of  as  a  transmutation  of  elements; 
that  is  not  strictly  correct  because  an  element  is  not  really  trans- 
formed into  another  element;  it  is  really  decomposed  into  several 
others.  The  products  of  the  decomposition  are  still  chemical  atoms, 
similar  in  many  respects  to  the  more  complex  one,  which  in  breaking 
up  gave  birth  to  them.  It  is  a  phenomenon  which  may  be  expressed 
by  the  most  common  kind  of  a  reaction  by  a  chemical  equation 
which  would  be  accepted  with  very  little  hesitation  by  the  most 
conservative  chemist. 

Nor  are  we  yet  done,  for  mthin  the  atom  we  find  yet  more — elec- 
trons. Each  atom  is  like  a  sort  of  solar  system  where  the  small 
negative  electrons  play  the  r61e  of  planets  revolving  around  the  great 
poutive  central  electron  which  takes  the  place  of  our  sun.  It  is 
because  of  the  mutual  attraction  of  these  electricities  of  opposite 
sign  that  the  system  is  bound  together  as  a  whole.  This  attraction 
governs  the  periods  of  the  planets  and  these  periods  fix  the  wave 
lengths  of  iba  light  emitted  by  the  atom.  It  is  because  of  the  self- 
induction  of  the  currents  formed  by  the  moving  electrons  that  the 
atom  so  formed  has  an  apparrait  inertia  which  we  call  its  mass. 
Besides  iheee  captive  electrons  there  are  others  which  are  free  and 
subject  to  the  ordinary  Idnetic  laws  of  gases  and  which  render  metals 
conductive.  Iho  second  class  are  hke  the  comets  which  circulate 
from  one  steUar  system  to  another,  establishing  thus  an  exchange  of 
energy  between  distant  systems. 

But  we  have  not  yet  come  to  an  end.  Bemdes  these  electrons,  or 
atoms  of  electricity,  we  find  magnetons,  or  atoms  of  magnetism, 
which  we  meet  to-day  through  two  different  paths;  through  the 
study  of  magnetic  substances  and  through  the  study  of  the  spectra 
of  simple  bodies.  I  need  not  remind  you  of  the  beautiful  discusaiou 
of  Weiss  and  the  aatooishing  relationships  and  conunensurabilities 
which  his  expoimenta  showed  in  such  an  unexpected  manner. 
There  were  numerical  relationships  which  could  not  be  due  to  chaace, 
and  for  which  an  explanation  hiUl  to  be  sought. 
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At  the  same  time  aa  explanation  weB  necessary  for  the  curious 
distnbution  of  the  lines  in  the  Bpectnim.  According  to  the  work  of 
Balmer,  of  Kayser,  of  Kunge,  of  Kydberg,  these  hnes  are  distributed 
into  definite  series  and  each  aeries  obeys  simple  laws.  We  might  at 
first  expect  to  find  these  laws  those  of  harmonics.  Just  as  a  cord, 
vibrating  with  infinite  d^rees  of  freedom,  gives  an  infinite  series  of 
harmonics  whose  frequencies  ire  multiples  of  the  fundamental 
frequency  of  the  cord,  and  just  as  a  sonorous  body  of  more-complex 
form  also  gives  out  an  analogous  though  less  simple  series  of  har^ 
monies — for  instance,  a  Hertz  resonator  is  susceptible  of  an  infinite 
number  of  different  periods — so  might  an  atom,  for  identical  reasons, 
give  out  an  infinite  series  of  different  wave  lengths  of  light.  You 
know  that  this  simple  explanation  failed,  because  with  the  spectro- 
scopic phenomenon  it  is  the  frequency  and  not  its  square  for  which 
the  expression  is  simple;  for  the  frequency  does  not  become  infinite 
for  harmonics  of  an  infinitely  h^h  order.  The  idea  must  either  be 
modified  or  abandoned.  All  attempts  at  modification  have  been 
futile;  the  method  refuses  to  be  adapted.  Accordingly  Ritz  aban- 
doned this  theory  and  represented  the  vibrating  atom  as  formed  of 
a  rotating  electron  and  several  magnetons  placed  end  to  end.  Then 
the  mutual  electrostatic  attraction  of  the  electrons  no  longer  deter^ 
mines  the  wave  length;  that  depends  on  the  electromagnetic  field 
formed  by  the  electrons. 

1%  is  rather  difficult  to  accept  this  idea  because  it  seems  somewhat 
artificial.  However,  we  must  resign  ourselves  to  it  for  the  time  being 
since  continued  search  for  another  has  so  far  proved  futile.  How 
does  the  atom  of  hydrogen  produce  lines  of  several  different  wave 
lengths !  It  is  not  because  each  one  of  the  atoms  could  produce  any 
of  the  lines  in  the  spectrum  of  hydrogen  and  does  produce  this  or 
that  one  of  the  lines  according  to  the  initial  conilition  of  the  vibration. 
It  is  because  there  are  several  kinds  of  hydrogen  atoms,  differing 
among  themselves  by  the  number  of  magnetons  in  line,  each  atom 
producing  a  different  wave  length.  Can  these  different  atoms  change 
from  one  kind  to  another,  and  if  so,  how  I  How  can  an  atom  lose  a 
m^;neton  as  does  seem  to  happen  when  we  pass  from  one  allotropic 
form  to  another?  Is  it  that  a  magneton  escapes  from  an  atom  or  do 
some  of  the  magnetons  in  alignment  change  and  become  irr^ularly 
distributed  ? 

This  disposition  of  mi^netons,  end  to  end,  is  a  pecuHar  charactei^ 
istic  of  the  theory  of  Kitz.  The  ideas  of  Weiss  must  seem  to  us  in 
every  way  lees  strange.  The  magnetons  must  be  placed  either  end 
to  end  or  at  least  parallel  since  their  resultant  effects  combine  arith- 
metically, or  rather  algebraically,  not  geometricaUy. 

Now  what  is  a  magneton !  Is  it  a  simple  thing  i  No,  provided  we 
wish  to  retain  the  hypothesis  that  they  result  from  special  amperian 
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currents.  A  m^neton  is  then  a  whirl  of  electrons  and  so  our  atom 
gaiDs  and  gains  in  complexity. 

We  now  come  to  something  still  better  because  it  permits  us  to 
estimate  the  complexity  of  the  atom,  the  theory  which  Debieme 
announced  near  the  end  of  this  series  of  meetings.  It  relates  to  an 
explanation  of  the  law  governing  radioactive  transformations.  The 
law  is  very  simple.  It  b  exponential.  Its  very  form  suggests  at 
once  the  principles  of  statistics.  We  recognize  the  earmarks  of 
chance.  This  chance  does  not  here  relate  to  the  fortuitous  encounters 
of  atoms  and  other  exterior  bodies.  Its  causes  lie  within  the  interior 
of  the  atom  it«elf.  I  wish  to  be  understood  to  refer  not  only  to  the 
cause  relating  to  this  chance  but  to  something  yet  deeper.  Other- 
wise we  would  find  external  conditions,  the  temperature,  for  instance, 
having  an  effect  upon  the  coefficient  of  the  exponent.  Now  that 
coefficient  is  remarkably  constant,  indeed  Curie  proposed  to  use  it 
as  a  measure  of  absolute  time. 

The  chance  which  rules  the  transformations  which  we  are  consider- 
ing lies  wholly  within  the  atom.  That  is,  the  atom  of  a  radioactive 
bodyis  a  universe  within  itself  and  a  world  subject  to  chance.  But  if 
we  consider  a  little  further,  whui  we  talk  of  probabilities  we  think  of 
great  numbers  of  things.  A  closed  world  made  up  of  a  few  elunents 
would  obey  laws  more  or  less  complicated  but  they  would  not  be 
those  we  consider  when  we  deal  with  statistics.  Then  it  must  follow 
that  an  atom  is  a  very  complex  world.  It  is  true  that  a  closed  world, 
at  least  one  nearly  dosed,  would  be  at  the  mercy  of  any  exterior 
perturbations  to  which  we  might  subject  it.  Since  the  atom  is  sub- 
ject to  this  statistical  law  there  is  consequently  an  internal  thermo- 
dynamics of  the  atom  and  we  can  talk  of  the  internal  temperature  of 
it.  But,  miu-k,  this  temperature  has  no  tendency  to  get  into  equilib- 
rium with  the  temperature  without;  it  is  as  if  the  atom  were  shut  up 
within  a  perfectly  adisthermic  shell.  It  is  precisely  because  it  is 
thuB  closed,  because  its  functions  are  so  sharply  limited  and  guarded 
by  this  impervious  shell  that  the  atom  is  so  individual. 

At  first,  this  complexity  of  the  atom  does  not  seem  offensive;  it 
eeems  as  if  we  would  not  he  embarrassed  by  it.  But  a  little  reflection 
brings  difficulties  not  apparent  at  first.  When  we  counted  the  atoms 
we  really  did  not  count  their  numbers  directly  but  their  degrees  of 
freedom  of  movement,  and  we  implicitly  assumed  that  each  atom 
had  three  degrees  of  such  freedom,  lliis  also  accounted  for  the 
observed  specific  heats.  But  each  new  complexity  must  introduce  a 
Hew  degree  of  freedom  'and  we  become  troubled  in  our  count  of  the 
atoms.  This  difficulty  did  not  escape  the  attention  of  the  originators 
of  the  theory  of  the  equipartition  of  energy.  They  were  astonished 
at  the  number  of  tbeUnes  in  the  spectra,  but,  seeing  no  way  of  escape 
from  their  difficulties,  they  boldly  passed  them  by. 
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The  most  natural  explanation  seems  to  be  this  theory  of  the  atom 
as  a  very  complex  world,  one  shut  up  entirely  to  itself.  Exterior 
evfflits  have  no  relation  to  what  passes  on  within,  nor  does  what 
happens  within  affect  the  exterior  world.  That  can  not  be  strictly 
true  or  else  we  would  be  utterly  ignorant  that  there  is  anything 
witMn  and  the  atoms  would  appear  as  simple  material  points.  The 
truth  is  that  we  can  see  what  happens  within  only  as  through  a  very 
small  window,  and  there  is  practically  no  exchange  of  «ne^y  between 
the  interior  and  what  is  outside;  there  is  consequently  no  tendency 
to  equipartition  of  energy  between  the  atomic  world  and  that  without. 
The  internal  tempffl-ature,  as  I  have  just  stated,  does  not  tend  to 
approach  equality  with  that  outside.  That  is  why  the  specific  heats 
are  the  same  as  if  no  internal  complexity  existed.  Let  us  now  imagine 
-  a  complex  body  made  up  of  a  hollow  sphere  whose  inner  wall  is  abso- 
lutely  impervious  to  heat  and  within  which  is  a  great  number  of 
various  bodies.  Then  the  observed  specific  heat  of  such  a  body 
would  be  that  of  the  exterior  sphere  just  as  if  the  interior  bodies  did 
not  exist. 

The  door  which  closes  the  interior  of  this  atomic  world  opens,  how- 
ever, from  time  to  time,  as  when  a  particle  of  radium  is  shot  off. 
The  atom  becomes  degraded  in  rank  in  the  radioactive  hierachy. 
What  happened  then }    How  did  this  decomposition  differ  from  an 
ordinary  chemical  decomposition}     In  what  respect  does  the  atom 
of  uranium,  formed  of  helium  and  something  else,  have  more  title  to 
the   name  atom  than   the  half  molecule  of  cyanogen,  for  instance, 
which  behaves  in  so  many  ways  like  a  simple  body  though  formed  of 
carbon  and  nitn^ent    Doubtless  the  atomic  heat  (I  do  not  know 
that  it  has  been  measured)  of  uranium  must  obey  the  law  of  Dulong 
and  Petit  and  would  correspond  to  that  of  a  simple  atom.    It  should 
then  become  double  at  the  moment  of  the  emission  of  the  helium 
particle,  when  the  primordial  atom  decomposes  into  two  secondary 
atoms.    Through  ^at  decomposition  the  atom  acquu-ed  further 
degrees  of  freedom  through  which  it  may  act  upon  the  exterior 
woiid  and  the  new  degrees  of  freedom  should  become  evident  in  an 
increased  specific  heat.    What  would  be  the  difference  between  the 
specific  heat  of  all  the  components  and  that  of  the  compound  body  t 
,t  the  heat  set  free  by  the  decomposition  would 
h  the  temperature  so  that  the  formation  of  the 
.  which  is  strongly  endothermic  at  ordinary 
tecome  exothermic  at  higher  tempeo^tures.    We 
i  better  how  the  radioactive  compounds  could 
is  very  mysterious. 

3tionof  a  little  closed  world,  opened  at  moments, 
re  our  probl«n.    It  would  be  necessary  that  the 
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equipartition  of  energy  should  be  supreme  outside  the  closed  little 
world  save  at  the  moment  the  door  opened;  but  that  is  not  true. 

The  specific  heat  of  solid  bodies  diminishes  rapidly  with  decreasing 
temperatures  as  if  some  of  the  degrees  of  freedom  of  the  atoms  were 
succeesiTely  paralyzed — frozen,  bo  to  speak — or,  If  you  prefer,  have 
lost  connectioD  with  the  exterior  worid,  withdrawn  within  the 
interior  in  some  unknown  manner. 

Furthermore,  the  law  of  "black"  radiation  is  not  what  would  be 
expected  from  the  theory  of  equipartition.  The  law  which  results 
from  Uiat  theory  is  the  one  derived  by  Kayleigh,  and  that  law, 
besidas  involving  an  evident  contradiction,  since  it  gives  an  infinite 
total  radiation,  is  absolutely  at  variance  with  experifoental  results. 
In  the  emission  of  a  black  body  there  is  much  leas  light  of  short  wave 
lengths  than  would  be  required  by  the  equipartition  hypothesis. 

Planck  consequently  devised  his  quanta  theoiy,  according  to  which 
the  exchange  of  enei^  between  the  matter  and  the  ether— or  rather 
between  ordinary  matter  and  the-  small  resonatois  \idiose  vibrations 
furnish  the  light  of  incandescent  matter — can  take  place  only  intei^ 
mittently.  A  resonator  can  not  gain  en^^  or  lose  it  in  a  continu- 
ous manner.  It  can  not  gain  a  fraction  of  a  quantum;  it  must  acquire 
a  whole  quantum  or  none  at  all. 

Why,  then,  does  the  specific  heat  of  a  solid  diminish  at  low  tempffla- 
tures  9  Why  do  its  atoms  seem  to  loBC  certain  d^reee  of  freedom  1 
It  ia  because  the  supply  of  energy  offered  to  them  at  low  temperatures 
is  not  great  enough  to  give  to  each  a  quantum.  Certain  ones  could 
get  only  a  fraction  of  a  quantum  and,  as  they  will  take  a  whole  one 
or  none,  they  remain  without. 

It  is  just  so  in  the  case  of  radiation  where  certain  resonators 
which  can  not  have  a  whole  quantum  take  none  and  remain  inactive. 
Consequently  there  is  much  less  radiation  at  low  temperatures  than 
there  would  otherwise  be.  Since  the  required  quantity  becomes 
greater  as  the  wave  length  becomes  shorter,  it  is  especially  the 
short  wave-length  resonators  which  remain  inactive,  so  that  the 
proportion  of  short  wave-length  light  is  much  less  than  that  indicated 
t^  Eayleigh's  formula. 

To  say  that  a  plausible  theory  should  remove  all  difficulties  would 
be  somewhat  naive.  When  a  somewhat  daring  theory  is  launched, 
difficulties  are  expected.  If  we  upset  all  the  accepted  notiom,  we 
must  not  be  surprised  at  some  obstacles.  Such  difficulties  do  not 
count  OS  valid  objections. 

I  take  the  courage^  therefore,  to  indicate  some  of  these  difficulties, 
and  I  will  not  choose  those  which  are  the  greatest,  nor  the  most 
evident,  those  which  occur  to  everyone;  that  would  be  futile  indeed, 
since  you  all  recognize  them  immediately.    I  wish  to  state  to  you 
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the  series  of  mental  attitudes  through  which  I  have  successively 
passed. 

I  asked  myself  first  what  was  the  value  of  the  proposed  demonstra- 
tions. I  saw  that  I  could  get  the  probabilitiee  of  the  various  distri- 
butions of  enei^  by  simple  enumeration,  since  the  numbers  were 
fortunately  finite  according  to  the  hypotheses,  but  I  could  not  see 
why  they  were  all  equalFy  possible.  Then  I  introduced  the  known 
relations  between  the  entropy,  tlie  temperature,  and  the  probability. 
That  assumed  the  possibility  of  a  thermodynamic  equilibrium  since 
the  restilts  could  be  proved  supposing  that  to  be  true.  I  knew  that 
such  an  equilibrium  was  possible,  since  experiment  has  proved  it. 
But  that  did  iiiot  satisfy  me.  I  wished  to  show  that  it  followed  from 
the  hypothesis;  indeed,  that  it  would  be  a  necessary  consequence.  I 
really  had  no  doubts,  but  I"  felt  the  necessity  of  seeing  the  matter  a 
little  more  clearly  and  for  that  I  needed  to  examine  the  steps  of  the 
process  a  little  more  in  detail. 

In  order  that  there  may  be  a  redistribution  of  the  enei^y  between 
the  resonators  of  different  wave  lengths  whose  oscillations  produce 
radiation,  it  is  necessary  that  they  should  be  able  to  interchange 
their  energy;  otherwise  the  initial  distribution  would  peraist  indefi- 
nitely, and  as  that  distribution  was  arbitrary  there  would  result  no 
definite  radiation  law.  Now  a  resonator  can  neither  receive  from 
nor  give  to  the  ether  light  except  of  a  perfectly  definite  wave  length. 
If,  then,  these  reeonatots  can  not  act  upon  each  other  mechanically, 
that  is,  without  the  intervention  of  the  ether,  or  if  they  are  fixed  and 
immovable  in  a  definite  matrix,  each  of  them  could  emit  or  absorb 
only  light  of  a  definite  color  and  it  could  exchange  energy  only  with  a 
resonator  with  which  it  was  in  perfect  tune.  The  initial  distribution 
would  remain  unalterable.  But  we  can  conceive  of  two  modes  of 
exchange  which  are  not  objectionable.  First,  some  atoms,  some  free 
electrons,  might  pass  from  one  resonator  to  another,  hit,  and  thus 
communicate  or  receive  energy;  or,  secondly,  the  light,  reflected  as 
by  a  moving  mirror,  might  change  its  wave  length  as  recognized  by 
the  DOppler-Fizeau  principle. 

Are  we  free  to  choose  between  these  two  devices  i  Surely  both  must 
come  into  play,  both  should  lead  to  the  same  result,  the  same  law  of 
radiation.  What  would  we  do  if  the  results  were  contradictory,  if 
the  mechanism  of  collisions  working  alone  led  to  one  law  of  radiation, 
that  of  Planck,  for  instance,  while  the  DOppIer-Fizeau  effect  to 
another?  Very  well,  if  both  mechaniBms  came  into  play,  one  or  the 
other  would  alternate  in  preponderance  according  to  chance,  thus 
causing  an  oscillation  from  one  law  to  another,  and  there  would  be 
no  tendency  to  a  final  stable  state,  toward  that  thermal  death  where 
there  is  no  further  change.  Then  the  second  law  of  thermodynamics 
would  be  violated. 
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I  resolved  to  examine  one  by  one  the  two  processes,  and  I  com- 
menced with  the  one  having  mechanical  action,  colliaions.  You  know 
why  the  old  theories  necessarily  led  us  to  the  law  of  equipartition. 
It  was  because  they  assumed  that  ail  the  equations  of  the  mechanics 
were  of  the  Hamiltonian  form,  and  coDsequeotly  made  unity  possible 
as  the  last  multiplier  in  the  Jacobian  seoae.  We  must  therefore  sup- 
pose that  the  laws  of  collision  between  a  free  electron  and  a  resonator 
are  not  of  this  form  and  that  the  equations  then  admit  of  a  final  mul- 
tiplier other  than  unity;  otherwise  the  second  law  of  thennodynamics 
would  not  hold  and  then  we  would  find  ourselves  in  the  diiliculty  just 
stated.     However,  it  is  not  necessary  that  this  multiplier  be  unity. 

It  is  exactly  this  last  factor  which  is  a  measure  of  the  probability 
of  the  corresponding  state  of  the  system  (or  rather  we  might  call  it 
the  probability  density).  In  the  hypothesis  of  quanta,  this  factor 
can  not  be  a  continuous  function  since  the  probability  of  a  state  must 
be  zero  whenever  the  corresponding  energy  ia  not  a  multiple  of  a 
quantum,  l^at  ia  an  evident  stumbling  block,  but  one  to  which 
we  had  to  be  resigned  in  advance.  But  I  did  not  stop  there.  I 
pushed  the  calculatkms  to  an  end  and  came  out  with  the  law  of 
Planck,  justifying  fully  the  views  of  that  German  physicist. 

I  then  passed  to  the  Ddppler-Fizeau  mechanism.  Let  us  imagine 
a  receptacle  formed  of  the  body  and  piston  of  a  pump,  the  walls  of 
which  are  perfect  reflectors  and  within  which  is  inclosed  a  certain 
quantity  of  enei^  in  the  form  of  light.  Tliis  energy  is  distributed 
in  any  manner  whatever  among  the  various  wave  lengths.  The  re- 
ceptacle contains  no  source  of  tight.  The  luminous  energy  is  inclosed 
within  the  contrivance  once  forever. 

As  long  as  the  piston  remains  fixed,  this  diattibutioD  of  the  energy 
among  the  wave  lengths  can  not  vary,  for  the  light  will  retain  the 
same  wave  lengtiis  each  time  it  is  refiected.  However,  if  the  piston 
is  moved,  this  distribution  will  vary.  If  the  velocity  of  the  piston  is 
very  small,  the  phenomenon  is  reversible  and  the  entropy  must 
remain  constant.  We  would  thus  have  the  analysis  of  Wien  and 
come  out  with  Wicn's  law.  We  would  have  made  no  advance,  since 
that  law  is  common  to  both  the  old  and  the  new  theories.  If  the 
velocity  of  the  piston  is  not  very  small,  the  phenomenon  is  not  revers- 
ible, so  that  thermodynamic  analysis  would  no  longer  lead  to  equali- 
ties but  to  simple  inequalities  and  we  could  draw  no  conclusions. 

However,  it  seems  as  if  we  could  reason  as  follows:  Let  us  suppose 
the  initial  distribution  of  the  energy  to  be  that  of  black  radiation, 
evidently  corresponding  to  a  maximum  of  entropy.  If  we  then  give 
several  strokes  to  the  piston,  the  final  distribution  must  evidently  be 
the  same,  otherwise  the  entropy  would  diminish.  And,  indeed,  what- 
ever the  initial  distribution,  after  a  very  great  number  of  strokes  of  the 
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piston  the  final  distribution  must  be  that  corresponding  to  maximum 
entropy,  whicli  is  the  Bame  as  tbat  of  bUck  radiation.  Such  reasoning 
has  no  value. 

The  distribution  of  the  radiation  has  a  tendency  to  approach  that 
of  black  radiation.  It  can  then  no  longer  change,  for  we  can  not 
pass  heat  from  a  cold  to  a  hot  body;  that  is  to  say,  without  the 
expenditure  of  external  work.  But  here  external  work  is  supplied 
through  the  etrokes  of  the  piston,  which  appeara  as  an  augmentation 
of  the  luminous  enei^y  in  the  cavity  of  the  pump.  Tlie  work  is 
changed  into  heat. 

The  same  difficulty  would  no  longer  exist  if  the  bodies  in  movement 
on  which  the  light  suffered  reflection  were  infinitely  small  and  infi- 
nitely numerous ;  their  kinetic  eneigy  would  not  correspond  to  nwchan- 
ical  work  but  to  heat.  We  could  not  then  compensate  the  diminu- 
tion of  entropy  which  corresponds  to  the  change  in  the  distribution 
of  the  energy  by  a  transformation  of  work  into  heat,  and  then  we 
would  be  right  in  concluding  that,  if  the  initial  distribution  were 
black  that  distribution  would  remain  indefinitely. 

Let  us  now  imagine  an  incloeure  with  fixed  and  perfectly  reflecting 
walls;  let  us  inclose  not  only  iumiaous  energy,  but  also  a  gas.  The 
molecules  of  the  gas  will  act  as  moving  mirrors.  If  the  distribution 
of  the  energy  amoi^  the  wave  lengths  \b  that  of  the  black  radiation 
corresponding  to  the  temperature  of  the  gas,  then  that  distribution 
should  be  stable;  tbat  is:  First,  whatever  action  the  light  has  upon 
the  molecules  should  not  alter  the  temperature  of  the  ga^;  second, 
whatever  action  the  molecules  have  upon  the  light  should  not  alter 
its  distribution  of  enei^y. 

Einstein  examined  this  action  of  the  light  upon  the  molecules. 
The  latter  suffer  something  which  resembles  the  pr^sure  of  radiation. 
Einstein,  however,  docs  not  state  the  matter  so  simply.  He  com- 
pares the  molecules  to  very  small  mobile  resonators  possessing  at  the 
same  time  not  only  the  kinetic  enetgy  of  translation,  but  also  theenergy 
of  electric  oscillations.     The  result  at  any  rate  would  have  come  out 

ii 1 iched  Rayleigh's  law. 

vould  hare  done  the  reverse  and  studied  the  action 
I  upon  the  light.  The  molecules  are  too  small  to 
reflection.  They  could  produce  only  a  diffusion  of  it. 
>n,  when  we  neglect  the  molecular  movements  witli 
luainted  both  in  theory  and  experiment.  It  indeed 
6  of  the  sky. 

loes  not  alter  the  wave  length,  but  is  much  greater  the 
I  length. 

now  from  the  caae  when  the  molecules  are  at  rest 
lotion  must  be  accounted  for,  taking  into  account 
rhich  produces  their  temperature.    That  is  easy;  it 
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i»  necessary  only  to  apply  the  principle  of  relativity  of  £x)rentz. 
Accordingly,  the  various  bundles  of  rays  of  the  same  true  wave  length 
relative  to  the  molecule  and  striking  the  molecule  from  various 
directions  would  not  have  the  eame.  apparent  wave  length  to  the 
observer  who  supposes  the  molecule  at  rest.  The  apparent  wave 
length  is  not  altered  by  the  reflection,  but  the  true  wave  length  is. 

We  thus  come  to  an  interesting  result:  The  reflected  or  diffused 
energy  is  not  equal  to  the  incident  ene^y.  What  is  unaltered  is  not 
the  eneigy,  but  the  product  of  the  enei^  by  the  wave  length.  At 
first  I  felt  satisfied.  It  seemed  from  this  that  an  incident  quantum 
would  ^ve  a  diffused  quantum  since  a  quantum  varies  inversely  as 
the  wave  length.     Unfortunately  this  brings  us  nothing, 

I  was  led  by  this  analysis  to  Rayleigh's  law.  I  knewthat  inadvance, 
but  I  hoped  that  in  seeing  in  detail  bow  I  was  brought  to  it  that  I 
could  tell  what  modifications  I  must  make  in  the  hypothesis  in  order 
to  get  Planck's  law.    In  that  hope  I  was  deceived. 

My  first  thought  was  to  look  for  something  resembling  the  theory 
of  quanta.  It  would  indeed  be  surprising  that  two  such  entirely 
different  explanations  should  both  take  account  of  the  same  dert^a- 
tioo  of  the  law  of  equipartition  of  energy.  What  is  the  effect  of  the 
discontinuous  structure  of  eneigyt  We  might  suppose  that  this 
discontinuity  relates  to  the  luminous  energy  itself  when  it  passes 
through  the  free  ether  and  so  when  it  falls  upon  a  molecule  does  so 
in  a  discontinuous  manner,  in  little  separate  battalions.  It  is  easy 
to  see  that  that  would  not  alter  our  results. 

Or,  we  might  suppose  that  the  discontinuity  occiu^  at  the  very 
moment  of  diffusion,  that  the  diffusing  molecule  does  not  diffuse  the 
light  in  a  continuous  manner,  but  by  successive  quanta.  This  again 
will  not  do  because  if  the  light  wishing  to  be  transformed  has  to  wait, 
80  to  speak,  in  an  antechamber  for  its  omnibus  to  fill  before  starting 
out,  there  would  result  a  forcible  retardation.  Kow,  according  to 
the  theory  of  Lord  Rayleigh',  the  diffusion  by  the  molecules  in  the 
direction  of  the  incident  ray  produces  simply  ordinary  reflection. 
That  is  to  say,  it  interferes  regularly  with  the  incident  light,  and  this 
would  not  be  possible  were  there  a  retardation  of  phase. 

If  we  try,  impartially,  to  choose  which  of  our  premises  we  must 
abandon,  we  are  none  the  less  embarrassed.  We  can  not  see  how  we 
can  deny  the  principle  of  relativity.  Must  we  then  modify  our  law 
for  the  diffusion  of  light  by  molecules  at  rest }  That  would  be  very 
difficult.  We  surely  could  not  stretch  our  imagination  into  believing 
that  the  sky  is  not  blue. 

I  will  stop  in  this  embarrassment  and  close  with  the  following 
reflections.  As  science  progresses,  it  becomes  more  and  more  difficult 
to  fit  in  the  new  facts  when  they  will  not  fit  in  spontaneously.  The 
older  theories  depend  upon  the  coincidences  of  so  many  numerical 
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results  which  can  not  be  attributed  to  chance.  We  should  not  separate 
what  has  been  joined  together.  We  could  not  break  their  frames, 
only  try  to  stretch  them  apart.  And  that  we  can  not  always  suoceed 
in  doing.  The  theory  of  equipartitioQ  explains  so  much  that  it 
must  contain  a  part  of  the  truth;  on  the  other  hand,  it  cannot  all  be 
true  for  it  irill  not  explain  alL  We  can  neither  abandon  it  nor 
keep  it  without  modification.  'Diose  modifications  which  we  must 
make  seem  so  strange  that  we  hesitate  to  reconcile  ourselTes  to  them. 
At  present  we  can  only  enumerate  them  without  solving  them. 


.dbyGooglc 


c^ 


EXPERIMENTS  WITH  SOAP  BUBBLES.* 


nVith  1  pUto,] 

I  had  s  certain  feeling  of  hesitation  in  suggesting  that  you  would 
perhaps  be  interested  in  seeing  some  experiments  which  I  have 
devised  with  soap  bubbles.  I  feared  that  such  a  subject  would  have 
but  slight  scientific  interest  for  a  learned  body  like  yours.  However, 
your  accomplished  secretary  has  assured  me  that  my  experiments 
will  be  well  received,  and  so  I  trust  that  you  will  be  indulgent. 

To  me  a  soap  bubble  is  a  beautiful  thiag.  It  appeals  to  several 
senses  and  to  many  kinds  of  minds;  it  is  a  source  of  delight  to  diildren, 
and  we  who  know  somewhat  of  the  mysteries  of  iaolecular  physics 
which  it  helps  to  reveal  look  at  it  with  admiration.  With  its  aid 
we  are  enabled  to  make  clear  the  action  of  forces  relating  to  other 
branches  of  physical  science  with  greater  facility  and  deUcacy  often- 
times than  by  any  other  means.  I  have  observed  that  the  soap 
bubble  even  arouses  the  curiosity  of  monkeys,  and  especially  of  those 
whose  intellectual  development  is  furthest  advanced,  viz,  the  chim- 
panzee and  the  orang-outang.  In  a  word,  among  the  objects  with 
which  wo  all  are  familiar  and  which  excite  in  us  a  genuine  scientific 
interest  the  soap  bubble  takes  precedence  of  all  others  of  the  same 
weight. 

Before  I  show  you  any  of  my  experiments,  it  would  seem  to  be 
incumbent  on  me  to  pay  the  tribute  of  my  admiration  to  Plateau, 
that  man  of  genius  who,  after  being  stricken  with  blindness,  obliged 
to  make  use  of  the  eyes  and  hands  of  his  daughter-in-law,  contrived 
and  developed  experiments  and  theories  relating  to  the  science  of 
capillarity  which  have  compelled  the  admiration  of  the  scientific 
world,  and  whose  great  work,  "Statique  des  Liquides,"  is  a  fit  monu- 
ment to  the  author's  genius.    When  I  reflect  upon  the  wealth  of 
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knowledge  which  Plateau  has  bestowed  upon  us,  it  seenra  to  me  that  I 
have  but  picked  up  a  few  crumbs  which  fell  from  the  rich  man's  table. 

The  formation  and  existence  of  a  soap  bubble  depend  upon  the 
weak  superficial  tension  of  the  solution  of  soap  and  upon  the  remark- 
able property,  studied  by  Willard  Oibbs,  by  virtue  of  which  the 
supoT^cial  tension  variee,  according  to  the  needs  of  the  moment, 
between  elastic  limits,  in  the  true  sense  of  the  term.  I  was  sur- 
prised to  find  by  experiment  that  an  increase  amoimting  nearly  to 
20  per  cent  of  the  normal  tension  could  be  produced.  Unfortunately, 
I  can  try  no  experiment  here  which  would  permit  me  to  demonstrate 
to  you  this  fact  adequately. 

The  tension  at  the  upper  parts  of  a  large  bubble  must  be  greater 
than  that  at  the  lower  parts,  for  it  must  balance  both  the  weight 
of  the  bubble  and  the  tension  of  the  lower  porta.  That  ia  why  there 
must  be  s  superior  limit  to  the  possible  size  of  a  soap  bubble.  A 
bubble  whose  color  is  the  bright  apple  green,  wei^ilng  five  one- 
thousandths  grain  per  square  inch,*  can  not  exceed  100  inchee  in 
diameter,  for  in  that  case  the  additional  force  which  the  upper  part 
has  to  withstand  is  one-half  grain  per  linear  inch,  which  is  one-fifth 
of  the  normal  tension  of  the  film,  i.  e.,  2)  grains  per  linear  inch. 
Similarly  a  bubble  white  of  the  first  order,  or  weighing  one  one- 
thousandth  grun  per  square  inch,  might  extend  to  fire  times  ibia 
diameter  before  this  cause  of  failure  would  operate.  But  it  is  not 
possible  in  practice  to  blow  such  laige  bubbles.  One  great  difficulty 
is,  if  mechanical  means  be  not  employed,  to  send  fur  in  sufficient 
quantity.  With  regard  to  this,  Prof.  Wood,  of  Baltimore,  told  me 
tiiat  he  found  the  principle  of  injection  very  advantageous.  Indeed, 
when  we  reflect,  it  exactly  meets  the  necessities  of  the  case.  Internal 
pressure  diminishing  as  the  bubble  increases  in  size,  a  small  quantity 
of  air  blown  into  the  tube  will  carry  with  it  a  laige  amount  of  air 
at  a  small  but  sufficient  pressure. 

I  have  tried  several  forms  of  injectors,  but  the  simplest  and  hitherto 
the  best  is  made  of  a  bent  pipe  such  as  is  employed  in  the  testing 
of  illuminating  gas  for  sulphur.  I  blow  into  the  narrow  end  by 
means  of  a  mouthpiece,  while  the  wide  end  is  surrounded  by  a  cambric 
band  with  a  serrated  edge  which  feeds  the  bubble  with  liquid  as  it 
increases.  With  this  device  I  have  not  only  blown  a  bubble  of  80 
centimeters  diameter,  but  am  convinced  that  this  is  by  no  maaoB 
tiie  practical  limit.  It  may  be  worth  mentioning  that  I  make  use 
of  Plateau's  liquid  consisting  of  a  solution  in  water  of  oleate  of  soda 
with  glycerine  added.  The  proportions  are  as  follows:  Oleate,  1 
part;  water,  40  parts;  ono-tbird  of  its  volume  of  glycerine  is  then 
added.  I  have  increased  the  proportion  of  oleate,  especially  when 
I  have  wished  to  blow  large  bubbles. 


<  Than  mJghta  can  be  nad  off  dliwtly  trom  tba  oolond  [ilats  la  my  book. 
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If  the  pipe  is  warmed  a  little,  the  bubble  which  will  thea  contain 
slightly  wanned  air  will  be  a  genuine  Mdntgolfier's  balloon,  and  will 
rise  by  its  ascensional  force.  If  the  bubble  have  a  diameter  of  1  foot, 
it  is  surprising  how  loog  it  will  remain  sufficiently  warm  to  float  in  the 
air.  When  it  b^;ins  to  descend,  it  can  be  stopped  by  means  of  a 
current  of  air  directed  upward  either  by  blowing  with  the  pipe  or 
with  a  pair  of  bellows.  In  the  latter  case,  by  accommodating  the 
movements  of  the  bellows  to  the  soap  bubble's  natural  period  of 
oscillation,  we  may  at  once  keep  it  in  the  air  and  cause  it  to  execute 
Vibrations  of  great  amplitude.  We  may  form  it  again  aod  blow  into 
the  interior  a  very  little  illumiaating  gas,  and  it  will  then  float  of 
itself.  The  very  heat  of  our  breath  suffices  to  make  a  bubble  ascend 
if  it  be  sufficiently  iai^,  e.  g.,  6  inches  in  diameter.  The  tin  funnel 
of  the  old-fashioned  gazogene  is  all  that  is  needed  for  this  experiment. 
But  with  a  heated  pipe,  we  may  make  even  very  small  bubbles 
asccQd  for  a  few  momenta.  The  most  convenient  method  of  warming, 
however,  is  to  allow  the  warm  gases  above  a  candle  flame  to  be  drawn 
in  by  the  injector  for  a  few  seconds.  Bubbles  so  blown  will  rise  above 
buildings  and  float  away  out  of  sight. 

It  is  clear  that  a  cold  bubble  blown  with  air  will  float  upon  carbonio 
acid.  I  once  entered  the  Grotto  del  Cane,  near  Naples,  and  blew 
numerous  bubbles  which  floated  all  about  me  in  the  heavy  gas,  to  the 
great  delight  of  the  custodian.  Vapor  of  ether  is  more  easily  prepared 
and  is  still  heavier  than  carbonic-acid  gas.  It  is  easier  to  use  it  for 
the  purpose  of  supporting  a  bubble  filled  with  air,  but  the  vapor 
soon  condenses  upon  the  bubble,  evaporates  in  the  interior,  and  at 
the  end  of  a  short  time  the  latter  sinks  into  the  vapor.  If  it  be 
caught  on  a  ring  and  brought  near  a  lighted  candle,  the  bubble  will 
burst  into  flame,  thus  showing  that  the  vapor  has  penetrated  the 
interior.  We  may  again  blow  a  bubble  by  means  of  the  tin  funnel 
and  hold  it  in  the  vapor.  If  we  then  bring  a  lighted  candle  near  the 
open  ead  of  the  funnel,  a  long  flame  like  ^at  of  a  Bunsen  burner  is 
fonned  by  the  issuing  vapor.  It  is  interesting  to  observe  that  if 
benzene  (C^HJ  be  substituted  for  ether,  the  bubble  will  float  as  well 
but  the  penetration  of  the  vapor  will  be  less  rapid.  However,  it 
finally  enters  and  the  bubble  then  bums  with  a  brilliant  flame. 
With  pentane  (CgH, J ,  on  the  contrary,  the  bubble  floats  without  the 
penetration  of  vapor,  this  substance  being  praoticslly  insoluble.  A 
bubble  of  oxygen  floating  upon  ether  or  hfayzeuxe  explodes  violently 
like  a  bomb,  when  ignited. 

The  vapor  of  ether  and  a  few  other  liquids  somewhat  HiTniniab  the 
superficial  tension  of  a  soap  bubble,  while  the  greater  number  of 
organic  vapors  increase  it.  This  is  especially  noticeable  with  ammo- 
nia, which  undoubtedly  acts  chemically  upon  the  free  molecules  of 
oleic  acid,  combines  with  them  and  still  further  neutralizes  the, 
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special  influence  of  the  disBociated  molecules,  which  influence  Willard 
Gibbs  showed  and  which  tends  to  dinuDish  the  superficial  tension. 
This  action  of  ammonia  may  be  very  simply  shown  by  resting  a 
bubble  upon  a  ring  of  wire  of  somewhat  less  diamet«r.  If  we  hold 
above  the  bubble  the  stopper  from  a  bottle  of  diluted  ammonia,  the 
bubble  withdraws  toward  the  lower  side  of  the  ring.  If,  on  the  other 
hand,  a  glass  containing  ammonia  be  held  beneath  the  bubble,  the 
action  will  be  still  more  rapid,  the  bubble  rising  in  opposition  to 
gravity  and  squeezing  itself  through  the  ring.  The  motion  occurs 
in  each  case  as  if  the  bubble  were  inconvenienced  by  the  smell  of  the 
ammonia.  If  the  bubble  be  too  lai^  to  rise  through  the  ting,  a  tear 
is  formed,  indicating  its  distress.  Naturally,  the  cause  of  these  actions 
is  the  increase  of  tension  of  the  liquid  sheet  on  the  side  of  the  ring  to 
which  the  ammonia  ia  applied,  and  if  the  bubble  is  too  large,  this 
increase  of  tension  attracts  a  iittle  of  the  liquid  from  the  rest  of  the 
bubble  and  from  the  wire.    Thv  it  ia  which  forms  the  tear. 

Dupr£  proved  long  ago  that  the  speed  with  which  soap  bubbles 
burst  is  determined  by  the  equality  of  energy  in  tiie  movement  of  the 
little  drops  dischai^ed  at  the  speed  of  the  retreating  ed^  to  that 
which  is  necessary  to  draw  out  the  liquid  sheet  in  opposition  to  ita 
own  tension.  This  may  be  expressed  in  Xewton's  manner  in  the 
following  way:  If  the  tension  of  a  sheet  of  soap  water  be  suffident 
to  support  the  weight  of  -a  certain  number  of  feet  in  a  sheet  of  a  certain 
Uiicknees  or  color,  the  speed  with  which  a  sheet  of  this  thickness  or 
color  will  break  b  the  same  as  the  speed  acquired  by  a  stone  which 
has  fallen  freely  this  same  number  of  feet  under  the  influence  of 
gravity.  This  is  manifestly  based  on  the  supposition  that  the  liquid 
is  perfectly  mobile.  When  the  rigidity  and  viscosity  increase,  the 
speed  is  reduced.  For  example,  a  solution  of  saponin  has  a  surface 
tension  60  per  cent  greater  than  that  of  a  solution  of  soap.  So  a 
saponin  bubble  should  buret  more  quickly  than  a  soap  bubble  if 
surface  tension  only  were  of  importance.  For  tiie  ben^t  of  those 
who  are  not  familiar  with  saponin  bubbles  I  will  show  you  one  bs  a 
curiosity  (pi.  1,  fig.  1).  I  shall  next  make  a  froth  of  saponin  and 
glycerin  in  a  cell  in  the  lantern  which  you  see  projected  on  the  screen. 
I  may  continue  the  operation  until  I  obtain  the  ordinary  appearance 
of  froth.  But  the  cells  which  are  fonned  soon  begin  to  burst.  You 
may  see  the  free  edge  retreat  with  a  slow,  irregular  movement,  which 
is  due  to  the  fact  that  the  liquid  is  far  from  being  a  perfect  fluid.  Hence 
I  conclude  that  a  soap  bubble  will  burst  rather  less  quickly  than  the 
calculation  would  indicate.  Mr.  Bull  could  easily  show  you  this  by 
the  aid  of  his  very  powerful  micro-cinematograph. 

Tiarked  contrast  with  the  slow  bursting  of  this  particular  bubble, 
how  you  that  the  speed  of  a  true  soap  bubble's  bursting,  which 
I  as  great  as  that  of  an  express  train,  may  be  rendered  visible 
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to  tile  eye  either  when  Been  directly  or  when  projected  upon  a  screen. 
I  have  prepared  a  frame  of  hnaa  wire  upon  which  I  can  fonn  a  sheet 
of  soap  water  6  feet  long  and  one-quarter  of  on  inch  wide,  but  z^zag, 
so  that  it  occupies  a  surface  of  about  4  inches  square.  Further,  I 
have  so  constructed  it  that  the  two  ends  of  the  ^leet  are  adjacent. 
Ilien,  on  breaking  the  sheet  at  one  end,  we  immediatflly  see  that 
the  bursting  is  progressive,  lasting  about  one-eeventh  of  a  second  for 
the  entire  course.  If  the  sheet  be  broken  as  soon  as  formed,  when  it 
is  still  thick,  the  motion  of  the  edge  is  slower.  If  we  let  it  drain  until 
it  shows  the  white  or  the  colors  of  the  first  order,  the  motion  of  the 
edge  is  perceptibly  more  rapid. 

The  soap  bubble  fumishee  a  couTenient  means  of  illustzating  the 
principle  of  stability.  It  would  suffice  here  to  refer  to  Plateau's 
labors  upon  this  subject.  However,  I  have  arranged  two  experiments. 
The  first  is  a  variation  of  an  experiment  of  Plateau's  which  showed 
that  a  very  light  sphere  of  ^ass  remained  in  stable  equilibrium  upon 
the  lower  extremity  of  a  vertical  ring  of  wire  if  a  sheet  of  soap  water 
were  spread  over  the  ring.  I  have  found  that  blown  birds'  e^is  can 
be  employed  for  this  experiment  provided  that  they  be  no  heavier 
than  those  of  the  house  sparrow,  but  the  hole  should  be  mended  with 
a  fragment  of  tissue  paper  and  celluloid  varnish. 

The  bird's  egg  offers  the  advantage  of  introducing  a  second  princi- 
ple of  stability.  It  can  remain  in  equilibrium  only  if  its  greatest 
cross  section,  1.  e.,  its  oval  section,  is  in  the  plane  of  the  liquid  sheet. 
If  the  ring  be  made  to  revolve  slowly  in  its  own  plane,  the  egg  begins 
to  roll  or  slip;  then,  thespeed  increasing,  it  rolls  and  jumps,  but  never 
leaves  the  liquid  sheet.  I  have  so  arranged  this  experiment  as  to  be 
able  to  project  it  upon  the  screen. 

The  second  method  of  showing  the  conditions  of  stability  depends 
upon  tiie  employment  of  cylindrical  bubbles  whose  length  is  nearly 
a  times  as  great  as  their  diameter.  Beyond  that  length,  as 
Plateau  has  shown,  a  cylindrical  bubble  is  no  longer  stable.  As  this 
length  is  approached,  the  stability  is  diminished,  or,  in  other  words, 
the  bubble  more  ea^y  loses  its  form.  If  we  blow  a  spherical  bubble 
with  oxjgen  between  the  poles  of  an  electromagnet  of  moderate 
power,  WB  find  that  the  action  of  the  magnetism  upon  the  oxygen  is 
not  sufficient  to  make  the  bubble  move  appreciably  when  the  exciting 
current  is  closed.  But  if  we  make  the  bubble  take  the  cylindrical 
form  with  an  apparatus  so  constructed  as  to  render  its  length  nearly 
It  times  as  great  as  its  diameter,  the  magnetic  influence  imme- 
diately causes  the  separation  of  the  bubble  into  two  parts,  the  larger 
attached  to  the  nearer  ring  remaining  between  the  poles  of  the 
electromagnet  and  the  smaller  attached  to  the  more  distant  ring. 

I  shall  now  blow  a  laige  bubble,  using  my  mouth  as  an  injector 
and  employing  my  hands  without  any  oth^  apparatus.    This  method 
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was  shown  to  me  by  Prof.  Wood,  After  thus  taking  a  bubble  betweon 
my  hands,  I  gently  separate  them  until  a  neck  is  formed  in  the  midst 
of  the  bubble  and  then  until  this  is  divided  into  two.  I  now  beat 
the  two  bubbles  together  in  a  horizontal  direction,  and  you  observe 
that  they  do  not  unite,  but  flatten  each  other  and  resist  nearer 
approach.  If,  on  the  contrary,  they  are  made  to  approach  in  the 
vertical  direction,  they  unite  instantly  and  the  approach  is  facihtated. 
In  the  first  case,  the  clean,  smooth  surface  of  the  two  bubbles  did  not 
permit  the  air  to  be  squeezed  out,  while  in  the  second  case  the  rough 
surface  of  the  liquid  which  drips  away  at  the  lower  part  of  the  upper 
bubble  broke  the  intervening  layer  of  air.  The  two  bubbles  were 
then  able  to  unite,  either  attached  to  a  common  face  or  septum,  or, 
if  the  latter  broke  before  becoming  visible,  re-forming  the  original 
single  bubble.    This  operation  may  be  repeated  several  times. 

What  I  shall  now  show  you  rests  upon  the  following  property 
which  bubbles  possess:  When  theu-  surfaces  are  smooth  and  clean, 
they  may  be  pressed  against  each  other  without  there  being  actual 
contact.  If  I  place  a  bubble  upon  a  horizontal  ring  just  nob  lai^e 
enough  to  admit  of  its  passing  through  as  a  result  of  its  own  weight, 
and  if  I  push  it  downward  with  a  liquid  sheet  spread  over  another  ring 
it  will  pass  through  at  once.  If  we  take  care  to  remove  all  the  drops 
which  may  form  upon  the  lower  surface,  we  shall  be  able  to  push  it 
upward  again.  In  no  case  does  the  liquid  sheet  really  touch  the 
bubble. 

I  blow  a  bubble  under  a  ring  and  suspend  from  it  another  ring  of 

aluminum  wire  so  as  to  be  able  to  give  it  a  slightly  elongated  form. 

Inserting  the  pipe,  I  blow  into  the  interior  another  bubble,  which  I 

detach.    This  second  bubble  will  descend  into  the  interior  of  the  first 

until  it  Jinds  a  support  at  a  certain  parallel  of  latitude  in  its  lower 

hemisphere  and  will  remain  there  as  long  as  no  drop  suspended  from 

its  lower  part  shall  come  into  contact  with  the  outer  bubble.     But 

these  drops  can  be  removed  with  the  pipe.    The  outer  bubble  can 

then  be  elongated  and  pulled  downward  by  means  of  the  aluminum 

mpress  the  inner  bubble  and  give  it  the  form  of  & 

.,  which  can  be  swimg  around  and  around  without 

lal  contact  between  the  two  bubbles  during  these 

the  lower  ring  by  peeling  it  off,  so  to  speak,  and  then 
r  present  between  the  two  liquid  sheets  xmtil  it  is 
le  to  see  between  them.  If  I  then  blow  in  some 
tially,  the  inner  bubble  will  assume  a  rapid  rotaiy 
ibblcs  are  too  large  to  be  easily  projected  upon  the 
ir,  I  can  make  these  operations  and  other  similar 
e  by  simply  utilizing  the  shadow  thrown  upon  the 
Bitive  crater  of  an  electric  arc. 
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I  blow  a  bubble  upon  a  ring  and  insert  &ome  coal  gas  or  some 
hydrogen,  and  it  tends  to  rise;  but  as  it  is  held  down  by  the  ring,  it 
IB  elongated  upward,  it  assumes  on  an  enlat^ed  scale  and  in  the  oppo- 
ute  diroction  the  fonn  of  a  liquid  drop,  and  finally  detaches  itself 
in  a  ^milar  manner.  When  a  bubble  blown  into  the  open  air  con- 
tains a  very  small  quantity  of  illuminating  gas,  it  may  be  that  it  is 
juat  light  enough  to  float  or  that  it  has  a  tendency  either  to  ascend  or 
descMid.  If  it  be  just  light  enough  to  have  a  tendency  to  ascend,  we 
see  that  after  some  minutes,  owing  to  a  process  of  diffusion,  condensa- 
tion, and  evaporation,  it  loses  a  little  of  its  light  gas  and  tends  to 
desc^id  f^un.  On  tho  other  hand,  a  large  bubble  containing  a' 
quantity  of  illuminating  gas  not  quite  sufficient  to  support  it  may 
occasionally  float  along  over  a  paved  area  and  gradually  descending 
it  may  rid  itself  of  the  heavy  drop  by  contact  with  the  stone  and  then, 
thus  lightened,  it  can  slowly  remount.  These  large  bubbles  are  very 
beautiful,  especially  when  blown  out  of  doora,  and  in  the  new  edition 
of  my  book  on  soap  bubbles  I  have  given  very  numerous  hints  as  to 
the  most  practical  method  of  making  them.  Unfortunately,  it  is  not 
possible  in  ibis  amphitheater  to  reproduce  the  conditions  of  bubbles 
made  in  the  open  air.  I  should  like,  however,  to  point  out  that  one 
of  the  most  special  features  of  tJie  beauty  of  these  bubbles  k  the  sky 
line,  which  is  seen  in  a  kind  of  spherical  perspective  upon  the  upper 
surface  and  f^ain,  but  then  reversed,  upon  the  lower  surface.  You 
do  not  see  the  images  of  windows  reSeoted  by  bubbles  in  the  o[>en  air, 
although  you  may  see  pictures  representing  this  phenomenon.  I  can 
show  you  a  photograph  (pi.  l,fig.  2)  I  took  of  a  bubble  in  the  open  au*, 
and  in  which  the  buildings  behind  my  office  in  London  appear 
deformed  according  to  a  curious  perspective  I  call  spherical.  The 
view  is  a  dismal  one,  but  the  photograph  is  interesting;  a  similar  view 
taken  in  a  beautiful  garden  or  near  magnificent  buildings  would  be 
still  more  attractive.  A  second  photograph  (pi.  1,  fig.  3),  which  I  took 
last  November  under  most  unfavorable  conditions,  shows  that  the 
bubble  reflects  portraits  in  a  charming  manner.  A  very  large  number 
of  persons  can  thus  be  represented  about  a  central  figure,  those  more 
distant  appearing  smaller  and  those  at  the  edge  appearing  elongated 
and  curiously  distorted.  We  may  thus  have  an  interesting  souvenir 
of  any  special  occasion.  I  have  called  these  portraits  dream  portraits, 
and  I  commend  them  to  your  attrition. 

Let  us  return  to  our  gas  bubbles.  I  blow  a  gas  bubble  upon  a  ring 
and  into  the  interior  of  this  an  air  bubble.  In  the  gas  the  air  is  so 
heavy  that  the  bubble  hangs  like  a  heavy  drop  from  the  extremity  of 
the  pipe  and  it  soon  detaches  itself.  If,  on  the  contrary,  I  blow  an 
air  bubble  upon  a  ring  and  place  in  the  interior  a  gas  bubble  the  latter 
will  float  and  rest  against  the  upper  wall  of  the  outer  bubble  where 
there  are  no  heavy  drops  to  break  the  air  film.    If  I  now  cause  a  Uttle 
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gas  to  enter  the  outer  bubble  the  inner  bubble  will  float  like  Moham- 
med's coffin,  suspended  in  space.  I  can  now  detach  the  outer  bubble 
from  the  ring  by  means  of  a  second  ring  or  by  blowing  a  third  bubble 
in  contact  with  the  ring.  Starting  again,  I  blow  a  small  gas  bubble 
in  an  air  bubble  held  upon  a  ring.  With  a  second  ring  I  lay  hold  of 
the  outer  bubble  and  draw  it  out  into  the  form  of  a  cylinder.  If  I 
incline  it  alternately  in  the  two  directions,  the  inner  bubble  travels 
backward  and  forward  the  entire  length  within  this  cylinder.  Again, 
I  remove  the  second  ring  and  gradually  blow  more  gas  into  the  inner 
bubble.  Thus  I  can  enlarge  it  to  the  point  of  pulling  upward  suffi- 
'cientlystrongly  to  support  the  ring  and  small  objects  suspended  from 
it.  At  no  time,  however,  does  the  inner  really  touch  the  outer  bubble, 
though  it  supports  the  load  carried  by  the  latter. 

I  begin  again,  and  with  one  hand  I  place  an  outer  bubble  on  a  ring. 
I  pass  a  ring  into  this  outer  bubble  and  then  blow  a  bubble  on  it.  I 
then  blow  a  third  bubble  containing  gas  in  the  interior  of  the  other 
two.  I  can  then,  at  my  pleasure,  take  away  first  one  ring  and  then 
the  other,  and  thus  render  the  three  bubbles  free,  or  transfer  them  to 
another  ring.  It  is  possible,  but  not  easy,  to  blow  a  fourth  bubble 
in  the  interior  of  the  first  three.  However,  it  is  not  possible  to  follow 
the  same  method  as  before,  for  we  find  ourselves  limited  by  the 
number  of  hands. 

If  the  two  bubbles  blown  upon  a  ring  are  pressed  against  each  other, 
we  have  seen  that  they  do  not  unite;  but  if  the  least  electrostatic 
attraction  be  established  between  the  contiguous  surfaces  the  union 
of  the  two  bubbles  is  instantaneous  and  a  single  bubble  Is  formed. 
This  can  be  accomplished  by  means  of  a  stick  of  sealing  wax,  or  of  a 
Morse  key  and  wires  connecting  the  supporting  rings  to  the  terminals 
of  the  electric  arc.  Two  bubbles  are  much  more  sensitive  than  a  gold- 
leaf  electroscope. 

I  now  take  two  bubbles,  one  within  the  other.  If  I  bring  a  piece  of 
sealing  wax  near  the  outer  bubble,  the  influence  exercised  can  be 
sufBciently  strong  to  deform  the  outer  bubble,  but  the  inner  bubble  is 
not  a£Fected,  for  the  electric  force  is  nonexistent  in  the  interior  of  a 
conductor.  I  know  of  no  other  means  of  demonstrating  the  absence 
of  electric  force  in  the  interior  of  a  conductor  and  at  a  distance  from 
the  exterior  surface  less  than  one  twenty-five  thousandth  of  an  inch. 
The  two  preceding  experimente  may  be  combined  into  a  single  one, 
so  as  to  show  the  contrast  between  the  behavior  of  an  outer  bubble 
and  an  inner  bubble.  The  two  outer  ones  join  while  the  inner  re- 
mains unchanged. 

Now,  that  I  have  finished  my  task,  I  must  express  the  hope  that 
the  beauty  of  the  phenomena  which  I  have  been  able  to  show  you 
may  persuade  you  to  pardon  me  for  any  failures  I  have  met,  for  one 
can  never  be  sure  of  succeeding  every  time,  and  especially  for  the 
smaU  amount  of  purely  theoretical  interest  in  this  communication. 


MEASUREMENTS  OF  INFINITESIMAL  QUANTITIES  OF 

SUBSTANCES.' 
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Our  investigation  of  rare  gases  necessarily  brought  us  to  measure 
their  densities,  in  order  to  be  able  to  draw  a  conclusion  touching 
their  atomic  weights.  Until  then  (1895)  vessels  with  a  capacity  of 
several  liters  were  employed,  e.  g.,  Renault  in  his  classic  experiments 
made  use  of  balloons  containing  about  3  liters,  while  Lord  Rayleigh 
employed  vessels  of  the  same  capacity.  Unable  at  the  beginning  of 
our  researches  to  separate  from  the  atmosphere  more  than  200  cubic 
centimeters  of  aigon,  we  were  compelled  to  detennine  its  density  with 
a  mudi  smaller  quantity,  about  100  cubic  centimeters.  It  is  obvious, 
however,  that  even  this  quantity  is  capable  of  giving  a  satisfactory 
result;  for  the  weight  of  argon  ascertained  by  the  balance  was  0.27 
gram,  and  even  with  a  balance  the  sensitiveness  of  which  does  not 
exceed  0.1  milligram,  the  error  is  no  more  than  1  part  in  2,700. 

Later,  when  we  succeeded  in  obtaining  the  congeners  of  argon — neon, 
krypton,  and  xenon — which  form  a  minimal  fraction  of  the  atmosphere, 
we  became  bolder.  We  weighed  only  32  cubic  centimeters  of  neon 
at  a  pressure  of  half  an  atmosphere;  its  weight  was  about  0.011  gram. 
As  to  krypton  and  xenon,  the  quantity  at  our  disposal  did  not  allow 
us  to  wei^  more  than  7  cubic  centimeters;  but  their  greater  densities 
permitted  the  attainment  of  an  equal  degree  of  accuracy,  for  the 
weight  was  0.015  gram.    The  error  did  not  exceed  1  or  2  per  thousand. 

We  also  attempted  to  determine  the  specific  volumes  of  krypton 
and  xenon  in  the  liquid  state.  We  constructed  capillary  tubes  in 
which  the  gases  were  liquefied  at  a  low  temperature,  and  we  succeeded 
in  measuring  quantities  stich  as  0.006  cubic  centimeter. 

But  although  these  quantities  are  very  small,  those  of  the  radio- 
active products  are  much  smaller.  In  the  first  place,  radium  is  not 
found  in  large  quantities;  and  owing  to  the  slowness  of  its  disintegra- 
tion, which  continues  for  thousands  of  years,  we  have  only  minimal 
quantities  of  these  substances  at  our  disposal.  Let  me  remind  you, 
gentlemen,  that  half  of  the  life  of  radium  goes  back  1,700  years,  that 
it  ia  diaintegrated  into  emanation  and  helium,  and  that  even  with 


.dbyGooglc 


220  AKNUAL  BEPOBT  8MITH80NUN  INBTITUTION,  1912. 

0.50  gram  of  broniide  of  mdium,  tiie  total  quantity  of  emanation  can 
never  exceed  0.1  cubic  millimeter. 

Let  us  first  see  what  are  the  means  at  our  disposal  of  performing 
these  operations.     We  may  calculate: 

With  a  good  chemical  bftlance 10  •'=0.0,001 

With  an  aeaay-balance 10 -'—0.0,000,1(1 

Wilh  Nemrt'e  micro-balniice 10  -"—0.0,000,001 

With  the  micFo-balance  constructed  by  Whytlaw- 

Gtay 3  X  10 -•=0.0,000,000,003 

The  Bpectroscopepennitfl  the  discovery  of  helium.  2X  10-"=0.0,000,000,000,2 

The  sense  of  emell  (for  mereaptan) 10"" =0.0,000,000, 000 ,01 

The  electroscope 10-"-.0.0 ,000,000 ,000,001 

Everyone  is  aware  how  the  electroscope  hae  become  a  much-used 
means  of  determining  the  presence  of  radium  and  thorium  in  rocks. 
To  it  M.  and  Madame  Curie  owed  their  discoveiy  of  radium,  and  those 
who  dotennioc  the  content  of  rocks  in  radium  confidently  distinguish 
between  samples  which  contain  2.3  X  lO'"  and  those  containing 
2.4  X  10'"  gram  per  gram  of  ore. 

Within  the  last  few  years  we  have  been  devoting  our  attention  to 
the  emanation  into  which  radium  changes  spontaneously.  Owing  to 
the  courtesy  of  the  Vienna  Academy,  I  have  hfui  at  my  disposal  more 
than  half  a  gram  of  bromide  of  radium,  and  I^Ir.  Whytlaw-Gray  and 
I  have  succeeded  not  only  in  measuring  the  quantity  of  gas  which  it 
continually  gives  off  in  the  gaseous  state,  but  even  in  determining  its 
volume  in  the  liquid  state;  in  freeing  it  by  coohng  it  with  liquid  air; 
in  measurii^  the  wave-lengths  of  the  rays  of  its  spectrum;  and  in 
weighing  a  quantity  not  exceeding  one-tenth  of  a  cubic  millimeter. 
But  that  is  not  all.  Messrs.  Cuthbertson  and  Porter,  my  coUeegues 
at  University  College,  have  invented  an  apparatus  enabling  us  to 
determine  the  index  of  refraction  of  tliat  minimal  quantity.  There 
is  a  proverb  in  English,  "Cut  your  coat  according  to  your  cloth," 
and  its  parallel  in  French  seems  to  be,  "Regulate  your  mouth  by 
your  purse."  Our  purse  contained  but  Uttlc  of  the  noble  element, 
and  perhaps  this  lecture  corresponds  to  that  minimal  quantity;  but 
I  rely  upon  your  indulgence,  "making  of  an  egg  an  ox." 

This  bromide  of  radium,  dissolved  in  water,  was  contained  in  a 
small  glass  bulb  sealed  onto  a  Toepler  pump.  You  know,  gentlemen, 
that  under  its  influence  water  is  decomposed  into  hydrogen  and 
oxygen.  We  actually  obtained  weekly  almost  exactly  25  cubic  centi- 
meters of  detonating  gaa.  There  is  always  a  small  excess  of  hydrogen, 
doubtless  by  reason  of  the  formation  of  peroxide  of  hydrogen.  This 
excess  is  very  useful,  for  it  gives  after  explosion  a  bubble  of  hydrogen 
which  carries  tlie  emanation  and  permits  of  transferring  it  into  vees^ 
for  experiment.  Moreover,  hydrogen  is  not  condensed  at  the  temper- 
ature of  liquid  air,  while  the  emanation  is  deposited  on  the  walls  of 
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the  vessed  in  a  solid  state.  Consequently,  we  can  easily  separate  the 
two,  removing  the  hydrogen  with  the  pump.  The  emanation  then 
remains  entirely  pure. 

I  shall  begin  by  giving  you  an  idea  as  to  how  we  set  about  meas- 
uring  the  volume  of  the  emanation.  In  the  first  place,  one  must  avoid 
all  contact  between  the  emaDation  and  the  grease  of  the  pump-tap, 
for  fear  that  the  reeultii^  carbonic  acid  may  make  the  gas  impure. 
We  avoid  all  danger  of  this  kind  by  sealiog  the  exploaion-tube  with 
mercury;  but  in  order  to  guard  against  this  contamination,  we  leave 
the  hydrogen  with  the  emanation  for  three  hours  in  a  small  tube 
whose  apper  part  contains  some  caustic  potash  melted  upon  Uie  walls.  - 
This  penod  having  elapsed,  the  products  of  the  disintegration  of  tiie 
emanation  have  reached  their  maximum,  for  rsr- 
diuma  A,  B,  and  C  have  but  a  short  life,  changing 
into  D,  which  is  without  radio-activity.  It  being 
necessary,  for  reasons  which  will  appear  later  on, 
to  measure  the  ;■  rays  at  this  juncture,  with  the 
aid  of  an  electroscope  we  detennine  the  emana- 
tioa's  power  of  discharge. 

lufigure  1  we  see  the  small  tubea.  We  see  also 
a  reversed  siphon  closed  by  a  kind  of  glass  cap. 
The  cap  being  raised  and  the  tube  placed  above, 
the  gases  enter  the  apparatus  through  the  capil- 
lary tube  b,  narrow  at  the  upper  end,  to  prevent 
the  mercury  from  entering  too  rapidly. 

But  before  introducing  the  gas  it  is  necessary 
to  en^pty  the  apparatus.  Opening  the  tap  and 
lowering  the  reservoir  /  we  connect  the  pump 
with  the  apparatus.  We  remove  all  air  and  by 
means  of  the  reversed  siphon  admit  some  hydro- 
gen, which  must  remain  for  a  night  in  the  appa- 
ratus in  order  to  displace  atmospheric  air  adher-  "'"'" 
ing  to  the  walls.  This  displacement  is  accelerated  by  heating  in  the 
flame  the  tubes  Ic,  i,  j,  I,  m.  In  the  momii^  ihe  apparatus  is  again 
pumped  empty.  The  reservoir/  is  raised  in  order  to  make  the  mercury 
ascend  above  the  tap  h,  and  the  bap  is  shut.  At  noon  the  measurements 
of  radioactivity  wUl  have  been  made,  and  we  introduce  the  hydrogen 
with  the  emanation,  replacing  the  cap,  which,  sealed  with  mercury, 
has  no  need  of  grease  to  make  the  joint  aii^tight.  The  gases  can  not 
come  into  contact  with  the  tap,  which  is  protected  by  the  mercury. 

You  can  see  a  tube  i  containing  some  pieces  of  caustic  baryta. 
This  arrangement  is  for  two  purposes:  First,  to  dry  the  gas;  secondly, 
to  remove  every  trace  of  carbonic  acid  which  may  have  escaped  the 
action  of  the  potash.  The  gas  is  left  in  the  tube  for  half  an  hour  to 
make  sure  that  neither  moisture  nor  carbonic  acid  remain. 
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In  }  there  ia  a  cone  of  blotting-paper,  which  is  moistened  vith 
water.  Pouring  in  liquid  air,  it  forms  a  vessel  tight  for  liquid  air, 
because  it  consists  of  ice.  The  tube  which  it  surrounds  is  so  cooled 
that  the  emanation  freezes  in  ito  interior  and  is  deposited  upon  the 
walls.  We  may  now  opeo  the  tap  h,  for  the  emanation  can  no  longer 
be  contaminated,  and  the  hydrogen  is  pumped  off.  But  even  at  the 
temperature  of  liquid  air  the  emanation  possesses  some  little  vapor 
pressure,  and,  consequently,  a  certain  quantity  accompanies  the 
hydrogen.  To  take  this  quantity  into  account,  its  radio-activity  is 
next  determined,  and  by  comparing  it  with  that  of  the  gas  before  its 
introduotioQ  into  the  apparatus  the  loss  is  ascertained,  and  conse- 
quently the  quantity  remaining  in  the  apparatus. 

Having  removed  the  hydrogen  as  far  as  possible,  we  raise  the  reseiv 
voir/in  order  to  protect  the  tap  h  against  attack  by  the  emanation, 
and  heat  the  tube  j.  The  emanation  is  volatilized.  Raising  the 
reservoir  d,  it  is  compreased  into  the  capillary  tube  m,  where  ita 
volume  is  measured.  But  this  tube  must  be  chosen  of  such  a 
diameter  that  its  volume  can  be  determined  at  a  pressure  little 
removed  from  that  of  the  atmosphere.  If  we  measure  under  too 
low  a  pressure,  the  correction  for  the  capillarity,  which  may  rise  to 
two  centimeters  of  mercury,  becomes  too  great.  However,  it  is  diffi- 
cult to  estimate  the  magnitude  of  the  correction,  for  we  have  been 
unable  to  find  constant  results  for  the  capillarity;  it  seems  to  be 
influenced  by  the  state  of  electrification  of  the  mercury,  due  to  the 
presence  of  the  emanation.  But  that  is  of  little  consequence  when 
the  measurement  is  made  at  a  pressure  near  760  miliimeters,  for  we 
may  almost  disregard  a  pressure  of  5  millimeters,  which  does  not 
exceed  0.7  per  cent  of  the  total  pressure. 

To  ^e  you  an  idea  of  the  exactness  of  this  measurement,  allow 
me  to  state  the  result  of  a  recent  experiment  by  which  we  ascertained 
that  a  sample  of  helium  had  a  volume  of  0.042  cubic  millimeter;  the 
lei^th  of  the  tube  measured  was  20  millimeters,  which  permits  the 
attainment  of  an  approximation  of  1/200.    A  platinum  wire  sealed 
through  the  too  of  the  capillary  tube  makes  it  possible  to  test  the 
as  by  pasaii^  through  it  an  electric  discharge.    The 
consists  of  the  mercury  of  the  reservoir,  and  we  may 
»  of  mercury  from  being  seen  by  solidifying  it  witi 
led  with  liquid  air,  surrounding  the  tube, 
ipressed  the  emanation  so  as  to  Uquefy.it;  the  tube 
of  thick  glass  and  can  resist  a  considerable  pressure, 
off  and  moimted  it  in  a  compression  apparatus  like 
..    The  emanation  liquefies  at  the  ordinary  tempera- 
are  of  about  10  meters  of  mercury.    The  volume  of 
0.1  cubic  millimeter,  was  reduced  to  0.00025  cubic 
iccupied  about  0.24  millimetOT  of  the  length  of  the 


capillary  tube.  Naturally,  ve  used  a  micsosoope  to  observe  it. 
However,  it  was  easy  to  observe  its  properties.  The  emanation  ia 
colorlesa  like  water  when  seen  by  transmitted  li^t.  Seen  by  re- 
flected light,  it  makes  the  tube  phosphorescent,  and  its  color  depends 
upon  the  nature  of  the  g^ass.  lii  silica  it  emits  a  white  light,  in  sodsr 
glass  a  lilac  color,  in  potash-^aBS  the  color  is  greenish  blue.  When 
the  emanation  ia  liquefied  in  aoda^^^aaa  its  appearance  recalls  Uiat 
of  a  cyanogen  flame,  being  at  the  same  time  bluish  and  pink. 

This  gas  when  cooled  to  —71°  beoomea  opaque  and  solidifies.  A 
striking  change  of  cobr  is  noticeable ;  the  solidified  emanation  caiees 
the  ^ass  to  emit  a  Inilliant  steel-blue  glow  like  &  small  electric  arc. 
At  a  still  lower  temperature  the  color  changes  to  yellow,  and  in  liquid 
air  it  becomes  orange  red.  When  the  temperature  rises,  the  changes 
of  color  come  in  invetBe  order.  Though  its  biillianoy  is  very  intense, 
I  scarcely  think  that  its  use  can  rival  moduik  methods  of  illumina- 
tion. 

We  have  succeeded  in  measuring  the  volume  of  this  rare  liquid, 
and  knowing,  as  we  shall  see  later,  that  the  density  of  the  gas  is 
112.5,  we  may  calculate  the  density  of  the  liquid.  It  is  veiy  heavy, 
6.7  times  heavier  than  water. 

I  have  hitherto  designated  this  gas  by  the  name  given  it  by  Messrs. 
Rutherford  and  Soddy.  But  it  doubtless  belong  to  the  aeries  of 
inactive  gases,  and  there  are  already  three  emanations — that  of 
radium,  of  thorium,  and  of  actinium.  The  expression  "radium 
emanation"  is  not  a  very  happy  qne,  and  we  had  to  seek  a  name  to 
indicate  one  of  the  strikiug  properties  of  the  gas  and  at  the  same  tinte 
to  recall  its  congeners  of  the  argon  series.  We  coined  the  name  of 
niton,  signifying  "shining."  It  is  true  we  paid  no  heed  to  the 
scru]^  of  the  purists,  who  forbid  the  addition  of  a  Greek  ending  to 
a  word  of  Latin  ori^.  My  excuse  ia  that  it  was  a  generally  accepted 
custom  among  the  Greeks  to  adopt  Latin  words  (e.  g,,  oouliifitou,  S^vA- 
pav,  Kparcthpiav,  K^vaoc,  and  numerous  others). 

Dr.  Collie  and  I  succeeded  in  1904  in  measuring  the  wave  lengths 
of  some  of  the  spectral  lines  of  niton.  In  collaboration  with  Mr. 
Camnon  other  attempts  were  made.  Mr.  Watson  made  in  my 
laboratory  a  thorou^  study  of  this  question  with  niton  purified  by 
me.  According  to  Prof.  Hicks,  this  spectrum  presents  close  analogies 
with  the  spectra  of  the  inactive  gases.  Being  itself  an  inactive  gas, 
thwe  were  many  probabilities  for  its  belonging  in  that  series  of  ele- 
ments. 

Several  attempts  have  been  made  to  determine  precisely  the  atomic 
wta^t  of  niton.  I  shall  confine  myself  to  mentioning  the  expert' 
menta  by  means  of  diffusion,  of  Curie  and  Danne,  of  Bumstead  and 
Wheeler,  of  Ruthofoid  and  Miss  Brooks,  of  Uakower,  of  Chaimiontj 
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and  of  PerkinB.  Suffice  it  to  say  that  the  results  vary  between  70 
and  235  for  the  atomic  weight.  Debieme,  employing  Bunsen's  method, 
which  is  based  on  the  escape  of  gas  through  a  narrow  orifice,  gives 
the  figure  aa  220.  Now,  taking  into  account  the  fact  that  radium 
in  changing  to  niton  giree  off  an  atom  of  helium,  and  accepting  for 
the  atomic  weight  of  radium  226.4,  found  by  Madame  Curie  and  con- 
firmed by  Thoipe,  the  atomic  weight  of  the  emanation  must  be 
222.4=226.4-4. 

The  molecular  weight  is  fixed  by  tha  density,  and  in  the  case  of  a 
monatomic  gas  (and  there  is  every  reason  to  believe  that  niton  is 
monatomic)  the  molecular  wei^t  becomes  identical  with  the  atomic 
weight.  As  a  definite  test  it  was  necessaty  to  we:^h  a  known  volume 
of  niton. 

But  how  is  it  possible  to  weigh  a  gas  of  which  the  largest  available 
quantity  did  not  exceed  one-tenth  of  a  cubic  millimeter  I  I  have 
already  hinted  that,  with  the  aid  of  the  microbalance  invented  by 
Steele  and  constructed  by  Whytlaw- 
Gray,  the  idea  is  not  chimerical.  Let 
me  give  you  a  sketch  of  the  methods 
we  have  employed. 

First,  however,  I  must  make  clear 
the  construction  of  the  balance.  Soi- 
entiste  have  for  some  years  been 
employing  a  new  substance — melted 
quartz.  Everyone  knows  how  re- 
sistant it  is.  Its  coefficient  of  ex- 
pansion by  heat  is  ^most  zero,  and 
we  may  work  it  like  glass,  drawing  out  rods  of  suitable  thickness. 
Before  constructing  the  balance,  I  consulted  my  colleague,  the  pro- 
fessor of  ei^;ineffling,  as  to  the  best  form  for  a  bridge  to  permit  it  to 
resist  a  maximum  pressure.  He  was  so  kind  as  to  give  me  a  draw- 
ing of  it. 

To  construct  the  balance-beam  grooves  ore  drawn  upon  a  plate  of 
graphite  with  a  knitting  needle,  and  in  these  short  rods  of  siUoa  o( 
about  a  half  millimeter  in  diameter  are  placed.  Where  the  ends  of 
the  rods  touch,  they  are  melted  by  turning  on  them  for  a  moment 
the  flame  of  an  oxyhydrt^en  blowpipe.  The  knife-edge  is  formed 
of  a  small  drop  of  silica,  melted  at  the  end  of  a  short  rod  and  ground 
to  the  form  of  a  wedge  with  the  greatest  care.  Seen  under  a  micro- 
scope it  must  be  straight,  without  notches,  and  well  polished.  Per- 
pendicular to  this  rod  and  quite  near  the  knife-edge  is  sealed  a  second 
rod  f^ich  serves  to  adjust  the  knife-edge  so  that  ^en  the  rod  is 
sealed  to  the  beam  of  the  balance,  the  knife-edge  forms  a  right  angle 
with  the  plane  of  the  beam.  This  second  rod  serves  also  to  support 
a  small  mirror  of  platinized  siUca  reflecting  the  light  -of  a  Nemst 
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lamp,  which  falls  on  a  scale  at  about  3  meters  from  the  mirror.  The 
filament  of  the  lamp  projects  its  image  upon  the  scale,  divided  into 
miUimeters. 

The  balance  is  contained  in  a  brass  box,  in  which  a  vacuum  may 
be  made.  This  box  is  perforated  with  two  holes  upon  the  lower 
surface,  opposite  and  below  the  ends  of  the  beam.  There  are  cemented 
in  these  holes  two  hollow  glass-stoppers,  into  which  two  tubes  of 
about  3  centimeters'  diameter  axe  fitted.  In  each  of  these  tubes 
is  suspended  a  very  delicate  quartz-fiber,  soldered  to  one  end  of 
the  balance-beam.  These  threads  bend  with  the  greatest  ease. 
There  are  no  pans.  Suspended  from  one  of  the  threads  is  a  small 
bulb  of  silica,  whose  capacity  has  been  ascertained  by  weighing  it 
fiUed  with  mercury.  Thus  it  contains  a  known  volume  of  air  of 
known  temperature  and  pressure;  consequently,  the  weight  of  the 
air  is  known.  A  solid  counterpoise  of  silica  is  suspended  from  the 
other  thread. 

Now,  when  the  air  in  the  box  containing  the  balance  is  under  ordi- 
nary pressure,  the  bulb  is  balanced  by  its  counterpoise;  but  if  the 
pressure  be  diminished,  the  bulb  sinks.  If,  on  the  contrary,  the 
pressure  be  increased,  the  bulb  Boats  and  its  apparent  we^ht 
becomes  less.  Thus  we  may,  by  altering  the  pressure,  add  or  take 
sway  small  known  weights.  It  suffices  to  read  the  pressure  un  a 
manometer,'  and  the  temperature,  so  as  to  have  data  for  the 
calculation. 

The  objects  to  be  weighed  are  hung  on  the  thread  by  small  hoolm 
of  silica.  But  before  weighing,  the  sensitirenesB  of  the  balance  must 
be  determined.  This  is  done  by  means  of  a  silica  rod  attached  verti- 
cally to  the  center  of  the  beam.  It  is  or^inally  longer  than  is  neces- 
sary in  order  to  be  able  to  draw  off  small  pieces  of  it  by  softening  the 
silica  with  the  blowpipe.  Bach  time  this  is  done  the  oscillation  period 
of  the  balance  is  determined.  Finally  traces  of  siUca  are  volatilized 
by  heating  in  the  blowpipe  Same  until  the  oscillation  has  acquired  a 
sufficiently  long  period— e.  g.,  an  oB<nllation  in  SO  seconds. 

Tlie  vessel  containing  the  object  to  be  weighed  is  held  in  equi- 
librium by  a  counterpoise  consisting  of  a  hook  of  silica.  With  this 
counterpoise  air  must  be  admitted  into  the  box  up  to  a  known 
pressure.  We  began  originally  by  admitting  impurified  air,  but 
were  not  long  in  discovering  that  every  trace  of  dust  and  moisture 
must  be  removed.  The  air  which  enters  is  consequently  purified  by 
passing  through  a  column  of  pentoxide  of  phosphorus,  of  soda-lime, 
and  of  cotton  wool. 

Above  a  pressure  of  l50  millimeters  of  mercury,  currents  of  air 
in  the  box  exercise  a  disturbing  influence.  It  is  tiierefore  arranged 
that  the  balance  shall  be  in  equihbriam  at  &  pressure  of  about  80 
miDimeterB.    To  this  end  we  must  alter  the  counterpoise,  which  is 
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done  by  adding  small  pieces  of  silica  or  by  volatiLiziiig  a  trace  of  it 
with  the  blowpipe.    This  operation  requires  about  aa  hour. 

My  hearera  will  now  understand  that  we  have  a  balance  capable  of 
indicating  a  difference  in  weight  of  about  two  or  three  nullionths  of 
a  milligram. 

In  order  to  conceive  of  that,  let  us  consider  first  that  the  bulb 
contfuned  a  volume  of  air  which,  at  normal  pressure  and  at  0°  C, 
weighed  0.027  milligram.  Bach  millimeter  of  the  pressure  gauge 
corresponds,  consequently,  to  -"tW")  °^  0.0000355  millogram  =  3.S 
hundred-thousandths,  but  each  interval  of  ten  divisions  of  the  scale 
on  which  the  light  of  the  Nemat  lamp  is  redected  from  the  mirror 
of  the  balance  corresponds  to  I  millimeter  of  pressure.  Conse- 
quently, one  division  of  the  scale  registers  three-millionths  of  a 
milligram.  As  it  is  easy  to  read  to  the  tenth  of  a  divuion,  we  should 
be  able  to  determine  a  variation  of  three  ten-millionths  of  a  milligram. 
As  a  matter  of  fact  the  sensitiveness  is  not  so  great.  As  I  have  already 
said,  we  may  take  it  at  two  to  three  millionths. 

Having  now  explained  the  construction  and  operation  of  the 
balance,  I  should  like  to  say  a  few  worcb  as  regards  our  experiments 
with  niton,  the  density  of  which  we  have  determined. 

Let  me  remind  you  that  we  contrived  a  method  by  which  a  gas 
can  be  imprisoned  in  a  capillary  tube.  Before  making  experiments 
with  the  precious  niton,  we  tested  the  balance  by  wei^iing  xenon, 
and  as  I  possess  100  cubic  centimeters  of  it,  it  was  easy  to  afford 
half  a  cubic  millimeter. 

Having  measured  0.0077  cubic  millimeter  of  xenon  in  a  capiUaiy 
tube,  we  solidified  it  at  the  top  of  the  tube  with  a  little  cone  of  moist 
blotting  paper  filled  with  liquid  air.  It  was  sealed  by  turning  a 
little  Same  on  the  tube  above  the  cone,  and  placed  in  a  small ' '  bucket " 
hung  on  the  balance.  It  was  counterpoised  and  the  pressure  at 
which  the  spot  of  h^t  was  at  zero  of  the  scale  was  observed.  To 
open  the  little  tube  without  losing  splinters  of  glass  we  removed 
with  platinum-forceps  the  "bucket"  which  it  exactly  fitted,  and 
we  pushed  it  into  the  bucket  so  that  the  pointed  end  was  broken. 
We  then  replaced  the  bucket  and  tube  on  the  balance.  To  remove 
the  xenon  from  the  tube,  a  vacuum  was  made  in  the  box  several 
times,  and  by  means  of  the  Uttle  ur-biilb  by  changing  the  preeeure 
we  ascertained  the  loss  in  weight  corresponding  to  the  xenon.  The 
change  of  pressure  was  17.1  miUimeteis  (70-52.9),  which  corre- 
sponds to  608  miUionths  of  a  milligram. 

But  that  does  not  give  the  true  weight  of  the  xenon,  for  the  tube 
is  filled  with  air  at  a  pressure  of  52.9  mfllimbters,  and  as  the  volume 
of  the  small  tube  is  known,  its  weight  can  be  eetimated.  It  is  46 
miUionths,  so  the  total  wei^t  is  the  sum  of  the  two,  or  664  mil- 
lionliiB  of  a  milligram.    There  is  even  yet  a  correction  to  be  madeu 
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Fiist,  the  tube  was  of  glass,  and  its  density  difiers  from  that  of 
silica  of  which  the  counterpoise  consisted. 

To  determine  the  alteration  due  to  this  difference  of  densities, 
the  bulb  wbs  removed  and  a  counterpoise  of  sohd  silica  substituted. 
Wei^iing  again,  we  found  a  difference  of  01  millionths,  which  being 
subtracted  leaves  561  miUiontbs.  Secondlj,  a  correction  is  to  be 
made  owing  to  the  xenon's  having  been  weighed  at  a  pressure  of 
70  millimeters,  while  the  pressure  has  been  changed  to  52.9  milli- 
meters. If  we  had  weighed  the  sealed  tube  at  a  preaaure  of  52.9 
miDimeters  instead  of  70  millimeters,  it  would  have  weighed  more. 
Hie  correction,  then,  is  poeitive.  We  must  find  the  difference 
between  the  weight  of  0.536  cubic  millimeter  (the  capacity  of  the 
bulb)  at  70  and  at  52.9  millimeteis  (17.1  millimeters).     The  equation 


.1.29 
^760 


17.IX0.536X'^X1000-15  milli(mtfa3 


gives  this  weight,  where  1.29  is  the  vei^t  in  milligrams  of  a  cubic 
centimeter  of  air. 

Thus  we  have  561  +  15"i576  millionths  of  a  milligram  for  tbe 
weight  of  the  xentxi.  It  is  easy  to  show  that  the  wei^t  calculated 
should  be  577  miUionths. 

Allow  me  to  give  another  example  of  wei^ling  with  &is  balance. 
Mr.  Whytlaw-Gray  and  I  have  ascertained  the  weigjilt  of  helium 
formed  by  niton  when  it  changes  to  radiimi  A,  B,  C,  and  lastly  D, 
In  the  manner  already  described  we  filled  a  tube  with  niton 
in  July,  1910.  We  left  it  until  the  beginning  of  October,  that  it 
might  change  to  helium  and  radium  D.  This  last  has  a  half-life 
of  about  16  years,  so  that  it  may  be  regarded  as  permanent.  The 
tube  was  wei^ied,  the  point  was  broken,  and  it  was  immediately 
agun  placed  on  the  balaiice.  The  loss  of  wei^t  was  15  millionths, 
its  volume  was  0.196  cubic  millimeter,  and  the  weight  of  air  wluch 
entered  at  a  pressure  of  37.7  millimeters  and  18.5°  C.  was  12  mil- 
lionths; ther^ore,  the  total  weight  of  the  helium  was  27  millionths. 

But  given  the  quantity  of  niton  employed,  we  should  have  obtained 
38  millionthfl,  so  it  became  necessary  to  look  for  it.  Kow,  imder  the 
influence  of  niton  the  gas  molecules  which  are  found  in  tbe  same 
vessel  are  forced  to  accelerate  their  velocity,  doubtless  because  of 
coilisions  with  the  a  particles  projected  during  the  disintegration  of 
the  atoms  of  niton.  This  velocity  causes  them  to  penetrate  the  walla 
of  the  vessel  containing  them,  and  the  result  of  our  experiments  is 
that  the  pcoietration  depends  not  only  upon  the  velocity  but  also 
upon  the  size  and  form  of  the  molecules.  Thus,  helium  mixed  with 
niton  penetrates  the  glass  more  than  neon  and  neon  more  than 
hydrogen.  However  that  may  be,  we  heated  the  tube  in  a  small  tube 
of  silica  surrounded  by  a  second  tube  to  prevent  the  entrance  of  the 
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gaaea  of  the  flame.  We  removed  the  gasea  with  the  pump,  and,  by 
loeana  of  carbon  cooled  with  liquid  air,  absorbed  the  oxygen  introduced 
at  first  to  displace  the  air,  which  might  have  contaminated  the  gasee 
with  a  trace  of  neon  and  helium.  The  residue  measm^d  0.042  cubic 
millimeter;  ite  spectrum  was  that  of  pure  helium,  and  its  weight 
waa  eight  millionths  of  a  milligram.  Adding  this  to  tlie  weight 
already  indicated  by  the  balance,  we  obtain  thirty-five  millionths, 
which  diSers  by  only  three  niillionthe  from  the  figure  calculated  upon 
the  hypothesis  that  every  atom  of  niton,  on  disint^rating  into  radium 
D,  lets  three  atoms  of  helium  escape — i.  e.,  three  a  particles. 

Our  main  object  was  to  fmd  the  true  atoimc  weight  of  niton.  To  do 
this  we  introduced,  in  iiye  experiments,  quantities  of  it  varying 
betweoi  0.075  cubic  millimeter  and  0.0566  cubic  millimeter  into 
density  tubes  as  I  have  already  described.  These  are  the  volumes  of 
-  the  niton  actually  removed  from  the  tubes  with  the  pump.  It  ia  self- 
evident  that  corrections  had  to  be  made  for  the  losses  of  niton  due  to 
its  partial  spontaneous  decomposition  into  solid  products  and  for  the 
part  that  had  penetrated  the  walls,  either  under  its  own  form  or  under 
that  of  helium.  The  weights  we  found  range  between  572  and  739 
millionths  of  a  milligram.  The  atomic  weights  were  227,  226,  225, 
220,  and  218;  mean  223.  Starting  from  the  determinations  of 
Madame  Curie  and  Sir  Edward  Thorpe  of  the  atomic  weight  of 
radium  and  subtracting  that  of  helium,  4,  we  obtained  the  atomic 
weight  of  niton,  222.4,  a  sufficiently  aatisfactory  agreement. 

Let  me  describe  to  you  briefly  another  experiment  by  Messrs. 
Cuthbertson  and  Porter,  of  the  Physical  Institute,  University  Collie. 
The  object  is  to  find  the  index  of  refraction  of  niton  by  employing  less 
than  one>tenth  of  a  cubic  miUimeter  of  this  gas.  At  the  end  of  a  sealed 
capillary  tube  ih.ey  polished  two  surfaces  parallel  to  the  axis  of 
the  tube  and  perforated  the  tube  with  a  small  hole  perpendicular  to 
these  surfaces.  By  cementing  two  plates  of  polished  glass  to  the 
surfaces  a  small  chamber  was  constructed  with  a  capacity  of  about 
I  cubic  millimeter.  They  platinized  two  small  circles  on  the  polished 
glass  so  that  the  light  could  pass  through  the  platinized  part  and  also 
be  reflected  by  the  metallic  surfaces  of  the  plates.  This  thermometer 
tube  formed  the  upper  part  of  an  apparatus  such  as  that  which  I  have 
described  to  you,  into  which  purified  niton  could  at  pleasure  be  intro- 
duced.  Looking  at  the  green  light  of  a  mercmy  lamp  through  the 
hole,  fringes  va  the  form  of  concentric  circles  could  be  seen,  the  lengths 
of  whose  radii  change  with  every  change  of  pressure.  By  measuring 
the  number  of  bands  which  pass  through  a  fixed  point  for  a  tnown 
change  of  pressure  the  refraction  of  the  gas  can  be  calculated. 

Several  measurements  were  more  or  less  successfully  made.  The 
difficulty  which  made  it  impossible  to  continue  the  investigation  was 
entirely  unforeseen.    This  was  the  corrosion  of  the  platinum  by  the 
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niton.  The  platinum  becomes  deep  black  and  thus  entirely  loses  its 
transparency;  and  it  is  impossible  after  a  few  minutes  to  see  any 
light  through  the  platinized  plates.  But  before  the  attack  b^an 
a  few  observations  were  made  indicating  as  the  refraction  (jt — 1)  of 
niton  a  figure  approximating  0.001633  for  white  light,  or  about  45 
times  that  of  helium,  0.000035.  You  will  perhaps  remember  that 
Mr.  Cutbbertson  pointed  out  a  very  curious  relationship  among  the 
figures  expressing  the  refracbiona  of  inert  elements.  Those  of  helium, 
neon,  argon,  krypton,  and  xenon  show  the  simple  relation  1,2,8,12,  and 
20.    That  of  niton  seems  to  be  in  relationship  with  the  others. 

The  possibility  of  weighing  such  minimal  quantities  suggests  in- 
vestigations which  must  be  very  interesting.  We  m%ht,  for  instance, 
calculate  the  thickness  of  the  layers  of  gas  attached  to  solid  objects, 
for  their  weights  are  quite  perceptible.  Dr.  Whitlaw-Gray  weighed 
a,  very  light  capsule  of  gold  with  a  surface  of  about  2.5  square  centi- 
meters. After  heating  it  to  redness  he  at  once  replaced  it  on  the 
balance  and  counterpoised  it.  It  gained  in  weight  for  two  days, 
the  total  increaso  being  1,000  millionths  of  a  milligram.  Calculating 
the  thickness  of  such  a  layer  of  air,  it  appears  to  be  seven  mole- 
cules thick.  There  ia  evidently  much  to  be  done  in  that  respect,  for 
the  substances,  the  nature  of  the  gas,  the  temperature,  and  the 
pressure  may  be  varied  at  pleasure. 

We  have  also  learned  another  extraordinary  fact.  We  needed 
pure  water  which  should  leave  no  solid  residue  in  evaporation. 
Although  we  distilled  water  in  vessels  of  platinum,  silica,  and  silver, 
we  could  never  obtain  a  drop  but  there  remained  after  evaporation 
a  crystalline  deposit.  We  even  attempted  synthetic  water  prepared 
by  burning  hydrogen  in  contact  with  chilled  vessels  of  glass,  silica, 
platinum,  and  silver.  The  drops  obtained  all  left  a  simUar  deposit 
weighing  about  100  millionths  the  drop.  We  spent  a  weary  fortnight 
in  attempts  of  this  kind,  and  finally  discovered  that  no  residue  is 
obtained  when  water  ia  evaporated  iu  a  current  of  air  filtered  through 
cotton  wool.  The  residue  came  from  the  dust  suspended  in  the  air. 
According  to  their  appearance  the  cr;^tals  consisted  for  the  most 
part  of  common  salt,  carbonate  of  lime,  and  sulphate  of  lime. 

Thus  it  is  evident  that  water  in  evaporating  is  charged  with  elec- 
tricity and  attracts  dust,  which  possesses  a  relatively  great  weight. 

Gentlemen,  these  are  some  ot  the  experiments  we  have  been  carrying 
out  during  the  last  few  years.  Instruments  such  as  the  spectroscope, 
the  microscope,  and  the  electroscope  have  been  highly  perfected  for 
the  investigation  of  minimal  quantities.  We  have  often  had  reason 
to  r^ret  that  our  means  of  determining  the  quantity  of  matter  by  its 
weight  and  volume  have  lagged  so  much  behind.  I  trust  we  have 
not  wearied  you  in  giving  some  account  of  our  attempts  to  see  the 
invisible,  to  touch  the  intangible,  and  to  weigh  the  imponderable. 
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THE  LATEST  ACHIEVEMENTS  AND  PROBLEMS  OF  THE 
CHEBflCAL  INDUSTRY.' 


By  Piof.  Dr.  Cakl  DuiSBxas, 
0/  Eba^eld,  Gammy. 


Probably  in  no  domain  of  human  knowledge  and  eoideaTor  have 
the  combined  forces  of  theory  and  practice,  intimately  acting  and 
reacting  upon  each  other,  made  such  immense  strides  and  led  to  the 
Bolution  of  auch  difficult  problems  as  in  the  chemical  induBtry,  an 
industry  which,  indeed,  had  its  beginnings  in  the  distant  past,  but 
m  its  vast  development  and  international  character  is  essentially  a 
child  of  modem  times.  Success  has  bo  emboldMied  this  industry  that 
it  considers  itself  capable  of  solving  any  problem,  provided  the  men 
in  its  service  are  well  trained  in  ^eoiy  and  practice  and  ready  to 
devote  themselves  to  the  best  of  thur  ability,  with  patience  and 
perseverance,  to  the  object  in  view.  This  has  been  shown  by  the 
struggle  between  the  contact  process  of  producing  sulphuric  acid  and 
the  old  "  chamber  process  " ;  by  the  rivalry  between  the  Solvay  proc- 
ess and  the  Le  Blanc  method  in  the  manufacture  of  soda;  by  the 
production  of  nitric  acid  and  its  salts  by  direct  oxidation  of  nitrogen 
of  the  air  under  the  influence  of  the  heat  of  the  electric  discharge;  by 
the  manufacture  of  ammonia  from  atmospheric  nitrogen  indirectly 
via  calcium  cyanamide,  and  directly  by  combination  with  hydrogen; 
by  the  replacement  of  madder  by  alizarine,  and  of  natural  by  sjTi- 
thetlc  indigo,  as  well  as  by  innumerable  other  instances  in  Uie  color, 
perfume,  and  pharmaceutical  industries. 

If,  before  an  audience  not  wholly  consisting  of  chemists,  I  venture, 
within  the  brief  period  of  an  hour,  to  describe  the  latest  achievements 
of  the  chemical  industry  and  to  recount  the  problems  that  are  engag- 
ing our  attention,  I  must  restrict  myself  to  a  great  extent  both  in  the 
choice  of  the  subject  matter  and  its  mode  of  presentation.  We  can, 
indeed,  merely  touch  upon  the  most  important  happenings  in  our 
industry  and  must,  from  the  very  outset,  refrain  from  a  thorough 
discussion  of  the  subject,  either  from  the  purely  chemical  or  the 
technical  side.     However,  what  can  not  be  described  for  lack  of 
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time,  and  what  we  should  very  much  like  to  add  for  the  sake  of  those 
chemists  who  are  present,  is  illustrated  by  that  rich  collection  of 
diagrams,  products,  and  materiab  of  all  kinds.  What  can  neith^ 
be  mentioned  in  my  paper  nor  illustrated  by  these  exhibits  will  be 
demonstrated  by  means  of  lantern  slides,  and,  should  you  possess 
patience  enough,  I  shall  show  you  at  the  conclusion  of  my  address 
one  of  the  newest  factories  which  the  German  chemical  industry  has 
built  on  the  Rhine,  with  its  various  manufacturing  departments,  and, 
above  all,  its  provisions  for  the  welfare  of  its  employees. 

In  the  spirit  of  Faust,  "Who  brings  much  will  bring  something  to 
many,"  I  invite  you  to  make  a  flight  with  me  in  an  airship,  as  it  were, 
over  the  fields  where  the  chemical  industry  holds  sway,  and,  from  our 
point  of  vantage,  to  take  a  bird's-eye  view  of  the  latest  achievements 
of  this  industry.  Xow  and  then  we  shall  make  a  landing  and  examine 
the  most  attractive  features  a  little  more  closely. 

PBODtrCTION   OP  POWER. 

The  question  of  power,  which  is  of  the  utmost  importance  in  every 
industry,  and  especially  in  the  great  synthetic  processes  by  means  of 
which  nitric  acid  and  ammonia  are  manufactured,  is  now  dominated 
by  the  perfected  utilization  of  hydraulic  power  and  the  development 
of  the  turbine.  Not  only  does  the  transmission  of  electric  energy 
rrader  it  possible  to  utilize  water  power  at  great  distances,  but  it  also 
allows  of  the  transmission  of  power  evolved  at  the  coal  mines  and  the 
peat  fields  to  distant  points,  thus  eliminating  tbe  necessity  of  truis- 
porting  the  fuel  itself.  Recently  we  also  learned  to  apply  the  prin- 
ciples of  the  water  turbine  to  the  steam  turbine.  But  this  advance 
over  the  piston  steam  engine,  which  Watt  so  ingeniously  constructed 
about  150  years  f^o,  has  already  been  surpassed  by  benzine,  petro- 
leum, or  oil  motors  (Diesel  motors) ,  and,  above  all,  by  the  reliable  gas 
engines  which  are  driven  by  blast-furnace  gases,  Mond  gas,  and  more 
recently  by  peat  gas. 

PEODUOTION   OP   BY-PRODUCTS. 

The  manufacture  of  by-products  goes  hand  in  hand  with  this  more 
direct  generation  of  energy  from  fuel.  These  products  include 
ammonium  sulphate,  of  such  great  importance  in  agriculture,  and  the 
tar  distillation  products,  so  indispensable  in  the  color  industry.  The 
latest  and  most  rational  method  of  utilizing  the  peat  or  turf  beds, 
which  are  so  plentiful  in  Germany  and  in  many  other  countries,  is 
practiced  in  Schw^er  Moor,  near  OsnabrQck,  according  to  a  process 
discovered  by  Frank  and  Caro.  There  peat  gas  is  produced  and  uti- 
lized and  ammonia  obtained  as  a  by-product,  the  required  power 
being  generated  in  a  3,000-hor3epower  central  electric  power  station. 
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The  moorland,  after  removal  of  the  peat,  is  rendered  serviceable  for 
f^fricultural  purposes. 

At  that  place  nearly  2,600  to  2,600  cubic  meters  of  gas,  with  1,000 
to  1,300  calories  of  heat,  were  obtained  from  1,000  kilograms  of  abso- 
lutely water-free  peat  in  the  form  of  air-dried  peat,  with  45  to  60  or  70 
per  cent  of  moisture.  This  gas  represents  enei^  equal  to  1 ,000  horse- 
power hours,  equal  to  700  kilowatt  hours,  after  deducting  the  heat 
and  power  used  for  the  operation  of  the  gas  works.  In  addition  35 
kilograms  of  ammonium  sulphate  were  produced  from  the  above 
quantity  of  peat,  which  contains  1  per  cent  of  nitrogen. 

The  greatest  problem  of  power  production,  the  direct  conversion  of 
coal  into  electric  energy  by  means  of  gas  batteries,  a  problem  which 
we  had  hoped  to  solve  35  years  f^o,  is  still  to-day  nothii^  more  than 
a  dream. 

PBODDCTION   OF    COLD. 

Besides  the  problem  of  power  and  heat,  the  question  of  refrigera- 
tion is  one  of  glowing  importance  to  the  chemical  industry.  Instead 
of  the  ammonia  macbines  with  which  a  temperature  of  minus  20**  C. 
can  be  attained,  we  employ  to-day  sulphurous-acid  machines,  or, 
better  still,  resort  to  thecarbonic-acidgasifier,  which  yields  a  tempera- 
ture of  40°  C.  below  zero.  It  is  hoped  in  the  near  future  to  produce 
refrigerating  machines  which,  by  the  use  of  suitable  hydrocarbons, 
will  give  temperatures  of  minus  80°  C.  Plants  for  the  liquefaction  of 
air,  producing  as  low  a  temperature  as  minus  190°  C,  are  becom- 
ing more  and  more  common,  and  are  especially  profitable  where 
gas  mixtures  rich  in  oxygen,  or  where  pure  nitrogen,  which  are 
simultaneously  produced,  can  be  utilized.  Diagrams  showing  the 
process  invented  by  Linde  for  the  rectification  of  hquid  air  with 
the  object  of  isolating  nitrogen  and  oxygen  are  exhibited  here.  Tlie 
Badische  Anilin  and  Soda  Fabrik  in  Ludwigshafen  on  the  Rhine  in- 
tends to  manufacture  hydrogen  from  water  gas  in  a  similar  way  and 
to  utilize  the  carbon  monoxide,  which  is  simultaneously  obtained, 
as  a  source  of  poww.  In  a  large  plant  which  is  being  erected  the 
firm  is  gomg  to  produce  ammonia  synthetically  by  combining,  accord- 
ing to  Haber'a  invention,  pure  nitrogen,  obtained  by  the  hquefaction 
and  rectification  of  air,  with  hydrogen  manufactured  as  above. 
Particulars  about  this  process  will  be  given  during  the  congresa  by 
Prof. Bemthseninhis lecture on"Syiithetic  ammonia." 

SIZE  OF  APPAKATUS. 

Influenced  by  the  Solvay  process  for  the  manufacture  of  soda  and 
its  pecuniary  advantages,  the  apparatus  used  in  the  chemical  indus- 
try have  enormously  increased  in  size.  In  this  respect  the  United 
States,  no  doubt  on  account  of  the  example  set  by  the  iron  industry, 
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with  its  blast  fumaoes  with  a  daily  capacity  of  500  tons,  ita  giant 
coDveyers  (SO-toD  wagons),  its  huge  hoisting  cranes,  ia  ahead  of 
other  countries.  But  careful  calculations  have  proved  that  there 
is  a  limit  in  this  direction.  The  failure,  on  account  of  size,  of  the 
Mactear  sulphate  furnace,  ■wiih  a  daily  output  of  25  tons,  is  well 
known,  whilst  the  mechanical  sulphate  furnace  of  the  Verein  Chemis- 
cher  Fabriken  in  Mannheim,  which  produces  only  7  tons  a  day,  is  a 
sucoees  everywhere.  It  is  not  improbable  that  l^e  high  ooat  of  con- 
struction and  the  great  loss  which  accidental  stoppage  entails  will 
necessitate  a  reduction  in  size  of  the  wonderful  Wedge  fumaoe,  a 
creation  of  the  Umt«d  States,  which  roasts  30  tons  of  iron  pyrites  per 
day. 

In  the  oiganio  chemical  industry  the  iron  vessels  for  chloiination, 
sulphonation,  nitration,  reduction,  and  oxidation,  as  well  as  the 
wooden  tanks  in  which  we  diazotize  and  produce  colors,  have  devel- 
oped from  the  small  vessels  and  vats  of  former  years  into  apparatus 
of  mighty  size,  their  limit  being  generally  determined  by  the  capac- 
ity of  the  mechanical  industry.  But  here,  too,  the  mistakes  which 
often  occur  in  manufacturing  processes  and  the  extra  losses  which 
they  involve  teach  us  that  a  wise  moderation  should  be  exercised. 

Wherever  possible,  continuous  operations  have  replaced  those 
processes  which  worked  intermittently.  In  this  way  loss  of  time 
and  expense,  caused  by  cooling  and  reheating,  are  avoided.  This 
is  exemplified  by  Uebel'a  new  method  of  the  production  of  nitric 
acid  from  Chili  saltpeter  with  retorts  lying  above  each  other  and 
without  stirrer,  and  by  that  of  the  Badisohe  Anilin  and  Soda  Fabrik, 
where  the  chambers  are  back  of  each  other  with  stirrer,  these  methods 
having  replaced  the  old  single  retort  process. 

MATERIAL  FOR  CHEMICAL  APPARATUS. 

As  regards  the  material  for  chemical  apparatus  several  new  wares 
must  be  referred  to: 

Quartz  vea$el». — Apart  from  the  fact  that  the  saltpeter  industiy- 
of  Norway  taught  us  how  to  absorb  dilute  nitrous  gases  in  towers 
20  meters  high,  made  of  granite,  a  substance  which  was  rarely 
used  for  chemical  purposes,  we  hftye  to-day  at  our  disposal  tubes, 
dishes,  and  Tesseb  of  fused  quartz,  which  are  stable  against  acids 
and  heat  and  whioh  are  manufactured  in  the  same  sizes  and  dimen- 
uons  as  the  well-known  earthenware  vessels. 

Refined  steel. — The  greatest  progress,  however,  has  been  made  in 
the  manufacture  of  iron  alloys  or  refined  steel. 

Thanks  to  the  kindness  of  Freidr.  Krupp  of  Essen,  I  am  in  the 
fortunate  position  to  describe  a  large  number  of  hitherto  unknown 
substances  of  great  importance,  of  which  I  exhibit  magnificent 


...CA>Ot^lc 


ACHIBVEHBNTS  OF  CHEUICAI.  INDUSTBY — DUISBEBO.  285 

specimens,  photographs,  and  lantern  stideB.  Just  here,  however; 
I  must  ask  you  to  make  one  of  the  landings  from  the  upper  air 
uid  permit  me  to  deal  with  the  subject  at  greater  length.  You 
will  be  astonished  at  the  immense  progress  which  has  been  made 
to  the  general  benefit  of  our  industry. 

Of  the  greatest  interest  are  the  alloys  of  iron  with  other  heavy 
metals  and  metalloids,  i.  e.,  alloyed  steel. 

Instead  of  carbon,  other  elements  are  employed,  which  likewise 
enhance  the  hardness  of  steel,  but  prevent  the  formation  of  a  crystal- 
line micro-structure  liable  to  cracks  and  Saws.  The  most  important 
of  these  elements  is  nickel. 

Nickel  sted, — The  readiness  with  which  nickel  forms  an  alloy 
with  iron  has  long  been  common  knowledge.  Even  in  Bessemer's 
days  attempts  were  made  in  Great  Britain  to  turn  out  cannon 
made  of  steel  containing  2  per  cent  nickel.  The  experiments  were 
not  successful  because  the  nickel  obtained  at  that  time  contained 
impurities,  such  as  copper,  arsenic,  and  sulphur,  so  that  the  steel 
could  not  be  forged.  Thirty  years  later  pure  nickel,  as  we  know 
it  tOHlay,  made  successful  results  possible.  The  same  was  the  case 
with  chromium,  silicoQ,  and  manganese,  and  not  until  these  elements 
were  produced  pxure  could  successful  alloys  be  manufactured  with 
them,  either  alone  or  together  with  nickel.  The  chief  aim  in  the 
manufacture  of  these  alloys  is  the  formation  of  an  amorphous, 
pliable  structure  of  the  steel.  This  result  is  attained  not  only  by 
removing  more  or  less  of  carbon,  but  above  all  by  a  certain  thermic 
treatment,  namely,  by  suddenly  cooling  steel  heated  to  a  high 
temperature,  heating  again  and  keeping  it  at  a  certain  lower  tempera- 
ture. You  will  see  two  samples  of  steel;  in  the  one  case,  the  coarse 
crystallization  of  the  pure  carbon  steel  before  it  is  forged,  and  in 
the  other,  the  same  steel  refined  by  the  thermic  treatment.  The 
difference  in  the  micro-structure  of  the  foi^d  carbon  steel  and  that 
of  the  forged  and  thermically  treated  nickel  steel  must  also  be 
noted.  Whilst  carbon  steel  after  forging  still  shows  a  crystalline 
structure  with  visible  cleavage  planes  of  the  crystals,  the  section  of 
nickel  steel  displays  an  amorphous  structure  closely  resembling 
that  of  welded  iron.  For  comparison  sake,  a  sample  of  a  welded  iron 
fracture  is  exhibited.  It  must  not  be  overlooked,  however,  that 
nickel  and  chrome  nickel  steels  are  twice  or  three  times  as  hard  aa 
welded  iron.  There  are  also  exhibited  test  pieces  of  construction 
parts  to  be  used  in  the  automobile  industry  made  of  alloyed  steel. 
Notwithstanding  the  high  tensile  strength  of  about  90  kilos  per 
square  millimeter  (1.  e.,  about  55  tons  per  square  inch),  no  fracture  ' 
is  noticeable,  although  they  are  greatly  bent. 

Aside  from  these  in^rovements,  which  are  of  such  great  moment 
for  structural  steel,  the  iron  alloys  have  found  many  new  appUcatioiis.  - 
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1  merely  mention  the  different  nickel  alloya  for  Bhipbuilding, 
electric  appliances,  and  for  valves.  These  valuable  allojs  con- 
taining 23  per  cent  and  more  nickel,  are  nonmagnetic,  and  not 
affected  by  atmospheric  influencea;  those  containing  30  per  cent 
nickel  posses  great  resistance  to  electricity,  whilst  the  coeflBcient 
of  expansion  of  steel  with  45  per  cent  nickel  is  only  one-twentieth 
of  that  of  ordinary  steel  and  not  greater  than  that  of  glass. 

ChroTtmim,  tungsten,  aiid  vwlybdenum  steel.— It  is  a  very  interesting 
and  novel  fact  tihat  by  the  thermic  treatment  alone  the  microatnicture 
of  the  cheaper  kinds  of  unalloyed  iron  plates  and  iron  shapes  is  so 
changed  that  it  becomes  three  ttmea  as  resistent  to  the  destructive 
effect  of  acids.  If  alloys  of  iron  with  chromium,  tungsten,  mcdybde- 
num,  and  aluminium  in  certain  proportions  are  thermically  treated,  ' 
this  resistance  is  increased  fivefold,  as  is  shown  by  samples  of  ordinary 
carbon  steel  and  chrome  nickel  steel  which  underwent  a  treatment 
with  dilute  sulphuric  acid  for  56  days. 

An  alloy  of  ordinary  iron  with  5  per  cent  nickel  is  an  excellent 
material  for  withstanding  hot  caustic  soda.  Most  astonishing 
properties  are  displayed  by  steel  alloys  containing  more  tiian  10 
per  cent  of  chromium  and  a  small  addition  (2  to  5  per  cent)  of 
molybdenum.  Such  alloys  are  manufactured  in  the  form  of  malleable 
cast  and  forged  iron  pieces  by  Erupp  according  to  the  patents  of 
Borchers  and  Monnartz  in  Aix-la-Chapelle  and  in  the  form  of  rolled 
tubes  by  the  Mannesmann  Kohrenwerken  in  Remscheid.  These 
alloys  are  insoluble  not  only  in  dilute  hydrochloric  acid  and  sulphuric 
acid,  but  also  in  dilute  nitric  acid,  even  with  the  addition  of  alkali- 
chlorides,  and  if  they  contain  about  60  per  cent  chrome,  36  per  cent 
iron,  and  2  to  3  per  cent  molybdenum  they  withstand  even  boiling 
aqua  regla.  You  will  see  samples  of  this  extraordinary  steel,  after 
treatment  with  acids,  compared  with  ordinary  steel  and  cast  iron. 

Tool  steel. — It  must  be  especially  mentioned  that  iixe  alloys  of 
iron  with  chromium,  tungsten,  and  molybdenum  tempered  by  a 
special  process  invented  by  two  Americans— Taylor  and  White — ^find 
most  important  uses  as  quick  turning  steel  for  all  kinds  of  tools. 

Vanadium  steel. — The  most  recent  improvements  in  the  manu- 
facture of  stoel  for  tools  which  must  of  necessity  keep  pace  in  hard- 
ness with  structural  steel  have  been  made  by  the  employment  of 
vanadium.  Unfortunately,  this  metal,  the  use  of  which  is  steadily 
increasing,  is  still  very  dear,  and  the  problem  which  chemists  have 
to  solve  is  to  produce  it  more  cheaply.  If  the  price  could  be  reduced 
perceptibly,  metallur^ta  prophesy  a  great  future  for  this  metal, 
which  exercises  a  very  favorable  influence  on  the  microstnicture  of 
steel. 

Of  great  importance  are  those  alloys  of  iron  with  chromium, 
tungsten,  and  vanadium,  which  possess  a  high  degree  of  hardness 
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eren  at  400  to  500^  C.  They  ore  needed  by  engineers  for  the  ccm- 
Btniction  of  steam  turbines,  for  the  embossing  and  spraying  of 
metal  objects  when  heated  to  redness,  a  process  which  has  lately 
found  extensive  application.  Chemists  use  these  kinds  of  steel 
whenever  chemical  reactions  are  carried  out  at  high  temperatures 
and  pressure,  e.  g.,  for  the  synthesis  of  ammonia  according  to  Haber's 


The  very  latest  alloy  has  now  been  patented  and  is  being  manu- 
factured by  Krupp  for  the  oonstniction  of  safety  vaults  snd  safee. 
This  steel  can  neither  be  drilled  nor  exploded,  nor  can  it  be  out  by 
the  oxyhydrogen  flame. 

Two  samples  of  steel  are  exhibited,  one  of  ordinary  steel  in  which 
great  holes  have  been  cut  in  live  and  one-half  minutes  by  using  an 
oxyhydrogen  Same  and  in  six  minutes  by  an  oxyacetylene  burner, 
uid  a  specimen  of  this  new  alloy  which  has  remained  intact  after 
being  treated  with  the  saxae  oxyhydrogen  and  oxyacetylene  flames 
for  one  and  one-half  hours.  Let  us  hope  that  on  this  hard  and 
infusible  material  the  scientific  safe  burglar  will  exercise  his  noble 
art  in  vain. 

Mangajiese  steel. — Of  the  alloys  made  with  manganese  the  mangar 
nese  steel  or  hard  steel,  first  produced  by  Kobert  Hadiield,  because 
of  its  great  wear  ia  dbiefly  used  for  cast-iron  parts  of  disint^rstors 
and  rails  of  electric  tramways.  On  accotmt  of  its  hardness  this 
Bteel  is  not  malleable,  but  it  can  be  bent  in  the  cold  state,  and  is 
thus  veiy  safe  against  breaking.  It  is  therefore  of  much  interest  to  the 
chemical  industry  where,  in  EJmost  all  branches,  grinding  operations 
are  carried  out. 

SiMcon  steel. — Finally  I  wish  to  refer  to  alloys  of  iron  and  silicon 
which  contain  1)  to  2^  per  cent  silicon  and  a  high  percentage  of 
carbon.  This  steel  is  excellently  adapted  for  tools  and  springs  which 
must  stand  high  strain.  Since  steel  alloys  containing  much  silicon, 
although  brittle  and  porous,  have  proved  very  stable  against  adds, 
they  are  now  being  used  more  and  more  where  such  a  property  is 
of  importance. 

Alloys  with  about  4  per  cent  silicon,  but  very  poor  in  carbon,  are 
of  greater  value  than  the  above.  Robert  Hadfield  first  pointed  out 
the  importance  of  this  alloy,  whilst  Knipp,  working  in  connection 
with  Capito  and  Klein,  a  firm  of  fine-plate  rollers  in  the  Rhineland, 
considerably  improved  it  and  introduced  it  for  electric  purposea. 
It  is  employed  in  large  quantities  in  the  form  of  sheets  of  0.35  milli- 
meter (-^  inch)  thickness  for  the  construction  of  d^amos,  alternate- 
current  motors,  and  transformers.  In  Germany  alone  the  consump- 
tion of  this  alloy  already  amounts  to  8,000  tons  a  year.  This  material 
has  a  resistance  to  electricity  four  -or  five  times  greater  than  that 
of  ordinary  iron  and  loses  only  half  as  many  watts,  so  that  the  inju- 
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Cologne),  19,000  tons  are  made  in  Niagara  Falls  by  the  American 
Cyanamide  Co.,  and  during  the  next  three  years  the  total  production 
is  to  be  increased  to  200,000  tons],  nor  is  it  necessary  to  describe  the 
Serpek  process  for  the  production  of  ammonia  from  aluminium 
nitrides  combined  with  the  utilization  of  alumina  which  is  simultane- 
ously obtained.  I  will  mention,  however,  that  the  problem  of  con- 
centrating the  dilute  mtric  acid,  as  obtained  in  the  large  absorption 
apparatus  from  nitrous  geaes,  has  been  solved  by  Pauling's  method, 
in  which  sulphuric  acid  is  used  in  a  battery  of  towers.  It  is  also 
possible  now  to  convert  economically  cyanamide  into  ammonia  and 
this  again  into  nitric  acid. 

SODA    ANI>   CHLOBINE. 

The  50-yeai>old  Solvay  process,  which  has  conquered  the  whole 
world,  still  remains  master  of  the  situation.  This  is  all  the  more 
remarkable  since  it  is  still  imperfect  as  far  as  the  yield  is  concerned, 
for  a  quarter  of  the  salt  used  in  the  process  is  lost  as  such,  and  the 
whole  amount  of  chlorine  in  the  form  of  calciiun  chloride. 

Although  the  materials  employed  in  the  Le  Blanc  process  are  com- 
pletely utilized,  this  fact  will  not  give  it  any  chance  of  surviving,  and 
it  would  seem  to  be  now  chiefly  of  historical  interest. 

Not  less  remarkable  is  the  25  years'  career  of  the  alkali-chloride 
electrolysis.  The  limited  market  for  chlorine  compounds  and  the 
great  space  taken  up  by  the  electrolyzing  baths  were  great  obstacles 
to  the  progress  of  this  apparently  so  simple  method.  For  the  same 
reasons  the  most  approved  processes,  such  as  the  Gnesheim  cement 
cell,  the  quicksilver  cathodes  of  Castner  and  his  successors,  the 
Aussig  Bell  and  the  wire-gauze  diaphragm  of  Hargreaves,  with  its 
many  varieties,  of  which  the  Townsend  cell  is  the  latest  and  best,  did 
not  develop  as  expected.  The  limited  demand  also  quickly  restricted 
the  operation  of  the  brilliant  method  of  manufacturing  chlorates  by 
electrolysis. 

TIN. 

Tin  is  not  only  produced  from  natural  ores  but  also  in  more  than 
20  detinning  establishments  from  tin-plate  and  tin-can  waste;  200,000 
tons  of  tin~plate  waste  are  subjected  to  this  treatment  and  about 
24,000,000  marks  ($6,000,000)  worth  of  tm  and  iron  are  recovered. 
The  elej^trolytic  detinning  process,  on  account  of  high  wages,  the 
great  cost  of  current,  and  the  considerable  manufacturing  loss,  has 
been  replaced — where  there  is  a  nuii^et  for  chloride  of  tin — by  the 
patented  process  of  Thomas  Qoldschmidt,  of  Essen.  This  proceea 
takes  advantage  of  the  properties  of  chloriDe  gas,  in  the  dry  state,  to 
greedily  take  up  tin.  without  reacting  on  iron  if  certain  temperstures 
are  observed.    Instead  of  the  inferior  quality  of  electrolytic  tin  mud. 
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which  must  be  converted  into  mftrketabld  tin  by  costly  smelting 
operationB,  the  new  process  yields  in  anhydioua  tin  chloride,  which 
is  used  in  large  quantities  for  weighting  silk.  The  detioning  with 
chlorine  is  not  c»ried  out  with  cuttings,  as  in  the  electrolytic  process, 
but  with  waste  pressed  in  bard  packages,  so  that  20  times  as  much 
material  can  be  treated  in  the  apparatus  at  the  same  time.  In  the 
United  States  this  process  is  operated  by  the  Goldschmidt  Detinning 
Co.  of  New  York. 

BEDUCING  AND    OXIDIZING   AGENTS. 

One  of  the  most  brilliant  successes  in  applied  chemistry  has  been 
achieved  by  the  persevering  experiments  of  some  chemists  with  a 
long-neglected  substance,  the  constitution  of  which  had  never  been 
properly  understood.  The  old  hydrosulphite  of  SchOtzenberger, 
render&d  stable  and  easily  transportable  in  powder  form  as  an  anhy- 
drous sodium  salt  or  as  rongelite  in  combination  with  formaldehyde, 
has  now  become  a  most  important  article  of  conunerce.  It  is  chiefly 
used  in  vat  dyeing  and  for  reducing  purposes  in  general,  such  as 
stripping  dyed  fabrics  and  as  decrolin  for  bleaching  sugar. 

PBBOXID  OF  HXDKOOEK,  FBB8ULPHATB,  ANS  PEBBOKATBS. 

Peroxid  of  hydrogen  and  its  derivatives  at  present  find  less  favor 
in  conunerce,  although  their  future  appears  to  bo  very  brilliant. 
Recently  the  Fwbenfabriken  vorm.  Friedr.  Bayer  &  Co.  succeeded 
in  rendering  this  important  oxidizing  agent,  which  easily  decomposes 
and  which  can  be  marketed  with  difficulty  only  in  watery  solution, 
solid  and  stable  by  the  addition  of  urea. 

This  powder  is  in  the  market  under  the  name  of  Ortizon,  but  on 
account  of  its  relatively  high  cost  it  is  intended  not  so  much  for 
technical  as  for  hygienic  and  pharmaceutical  purposes. 

The  interesting  manufacture  of  sodium  peroxid  from  sodium 
and  the  many  scientific  investigations  of  the  persalts,  have  not 
been  followed  by  great  commercial  success.  The  persulphate  and 
perborate,  however,  the  latter  under  the  name  of  "Persil,"  are  being 
manufactured  on  a  large  scale.  The  reason  of  this  failure  seems  to 
be  the  high  cost  of  production. 

RABB  HBTALS. 

The  most  interesting  alloys  discovered  by  Muthmann  and  Auer 
have  found  little  application  in  the  arts,  and  the  use  of  cerium  and 
thorium  preparations  is  still  confined  to  the  incandescent  gaslight 
industry.  Only  the  "Auennetal,"  consisting  of  36  per  cent  iron 
and  66  per  cent  cerium,  is  employed  and  this  only  to  a  limited 
extent  for  the  manufacture  of  pocket  cigar  lighten. 
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In  the  metal  filament  lamp  induatry,  tungsten,  which  shows  the 
higheet  melting  point  of  all  metals,  namely  3,100°,  has  replaced 
tantalmn,  which  melts  at  about  2,300°.  This  became  possible 
only  after  sucoeasful  experiments  to  render  the  metal  ductile  by 
hammenog. 

The  elements  cadmium,  selenium,  and  tellurium  are  obtained  in 
great  quantities  as  by-producta;  the  first  is  produced  in  the  zinc 
industry,  the  other  two  from  the  Tellur  gold  ores  which  are  found 
in  Cripple.  Creek,  Colo.  Although  they  are  sold  at  relatively  low 
prices  they  find  but  little  use  in  the  industries. 

ARTIFICIAL   PRECIOUS    STONES. 

Finally,  I  will,  in  but  a  tew  words,  touch  upon  a  new  industry, 
viz,  the  synthetic  manufacture  of  precious  atones  from  alumina  with 
additions  of  chrome  oidde,  iron  oxide,  or  titanic  acid.  Artificial 
rubies  and  white,  yellow,  and  blue  sapphires,  which  can  not  be  dis- 
tinguished from  natural  stones,  ore  heiag  manufactured  in  great 
quantities  in  Paris  and  recenUy  also  by  the  Electrocbemische  Werke, 
Bitterfeld.  They  are  used  extensively  for  jewelry  and  especially  as 
bearings  in  watches  and  measuring  instruments. 

All  this  will  give  you  a  striking  picture  of  the  development  of  inor- 
ganic chemistry,  which  is  taking  A  more  and  more  important  position 
beside  organic  chemistry. 

APPLIED   ORQANIG   CHEHI8TRT. 

In  the  organic  chemical  industry  the  reactions  are  considerably 
more  complicated  and  the  apparatus  mostly  smaller  than  in  the 
inoi^anic  industry.  Here  the  chemist,  like  a  jug^er  with  his  batls, 
gives  every  atom  a  definite  position  in  the  many  thousand  combina- 
tions which  carbon  forms  with  hydrogen,  oxj^Q,  nitrogen,  and  sul- 
phur, and  there  exist  the  most  varied  reactions  and  processes  which 
may  lead  to  the  same  result.  This  chemistry  of  the  carbon  com- 
pounds has  been  most  wonderfully  perfected  in  the  coal-tar  color 
industry,  and  in  every  factory  of  this  branch  there  are  hundreds  of 
scientifically  trained  chemists  always  experimenting  and  daily  finding 
new  combinations  possessing  properties  of  technical  value.  Before 
these  products  become  finished  articles  to  be  sold  as  colors,  perfumes, 
or  pharmaceutical  preparations  they  must  further  go  through  a  series 
of  numerous  intermediary  operations,  which  finally  lead  to  the  mar- 
ketable chemicals. 

COAL  TAK. 

The  starting  material  of  the  important  coal-tar  color  industry  is 
the  block  tar  which  is  obtained  by  the  dry  disttllatioQ  of  coal  and  is 
known  to  contain  about  IdO  different  chemical  products,  of  which, 
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adde  from  carbolic  acid,  the  aromatic  hydrocarbons,  benzole  and  its 
homologues.  toluol  and  zjlol,  naphtaiene  and  anthracene,  play  the 
greatest  part. 

More  recently  carbazol  has  been  isolated  from  tar  on  a  lai^  scale 
and  has  become  a  most  important  raw  material  for  the  manufacture 
of  the  color  "hydronbluo"  by  Ijeopold  Cassella  &  Co.,  Frankfort  on 
the  Main.  Hydronblue  is  a  sulphur  dyeetuff  distinguished  by  its  fast- 
ness against  washing  and  chlorine.  Acen&phthen,  which  alsA  occurs 
in  coal  tar  as  audi,  is  the  starting  material  of  a  red  vat  dye  "oibanon- 
red,"  discovered  by  the  Society  of  Chemical  Industry  in  Basle.  It  is 
to  be  regretted  that  hitherto  no  technical  use  has  been  found  for 
phenanthrene,  which  is  also  one  of  the  constituents  of  tar. 

Besides  carbolic  acid,  its  homologues,  the  Torious  cresols,  etc.,  are 
being  isolated  by  Dr.  F.  Easchig  in  Ludwigshafen  on  the  Rhine. 
These  substances  ore  largely  employed  in  the  manufacture  of  explo- 
sives and  coloring  matters. 

As  long  as  coal  gas  is  produced  for  iUuminating  and  heating  purposes 
and  as  long  as  coke  must  be  used  for  ^e  reduction  of  iron  ores,  tor 
will  always  remain  the  cheapest  raw  material  for  the  manufacture  of 
these  hydrocarbons.  But  since  it  may  become  necessary  in  the 
future — as  is  already  possible  to-day— to  use  coal  in  a  more  rational 
way,  at  the  same  time  producing  hydrocarbons,  the  coal-tar  color 
industry  need  not  fear  a  scarcity  of  this  important  raw  material,  the 
less  so  BB  certain  kinds  of  petroleiun,  e.  g.,  Borneo  petroleum,  contain 
loige  quantities  of  aromatic  hydrocarbons  from  which  the  Eheinis<die 
Benzinwerke,  in  Reisholz  near  Dusseldorf,  has  already  isolated 
toluene  in  the  form  of  nitro-toluene  in  a  commercial  way.  If,  how- 
ever, a  still  greater  demand  for  these  hydrocarbons  should  occur,  other 
methods  of  obtaining  them  must  be  found.  We  shall  then  surely 
succeed  in  producing  them  synthetically  either  directly  from  the 
elements  carbon  and  hydrogen  or  indirectly  from  carbide  of  calcium 
by  passing  acetylene  through  glowing  tubes — a  reaction  which  was 
already  carried  out  successfully  in  the  early  sixties  of  the  last  century 
by  Berthelot  and  recently  by  Richard  Meyer.  At  the  present  time 
about  one-quarter  of  Qermany'a  annual  output  of  coal  is  converted 
into  coke,  viz,  20  per  cent  for  foundry  purposes  and  4  per  cent  in  gas 
woite,  whilst  in  England  the  quantities  are  12  per  cent  and  6  per 
cent,  respectively. 

msTnXATlON  OF  TAB. 

The  point  of  greatest  importance  in  the  distillation  of  tar  is  still  the 
separation  and  isolation,  in  the  cheapest  possible  way,  of  the  different 
hydrocarbons  in  their  purest  form.  The  stills  have  been  continually 
enlarged,  those  employed  to-day  having  a  capacity  of  60,000  to 
80,000  lit«rs  (13,000  to  17,500  gallons).    On  the  other  hand,  a  con- 
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tinuous  process,  such  as  ia  possible  iu  the  bituminous  coal-tar  indnstay, 
has  not  yet  been  found.  A  large  number  of  patents  have  been  taken 
out  for  apparatus  intended  to  solve  this  problem,  but  none  of  than 
have  proved  satisfactory  in  practice. 

ORGANIC   INTEEMEDIATE  PBODUCTS. 

The  conversion  of  the  aromatic  hydrocarbons  into  intennediate 
products  necessary  for  the  color  industry  is  almost  always  carried  out 
by  treatment  with  concentrated  sulphuric  and  nitric  acid  and  subse- 
quent reduction  of  the  thus  obtained  nitrocompound  by  means  of 
metab,  metalous  oxids,  and  metal  sulphides.  In  the  production  of 
amines,  iron  is  the  principal  agent  of  reduction,  while  zinc  and  tin  are 
mostly  used  in  tlie  production  of  azo  compounds.  The  elecb-olytic 
reduction  has  not  proved  useful  for  these  processes. 

The  methods  of  producing  nitro  and  amido  compounds  have  been 
very  httle  changed  as  far  as  chemical  operations  are  concerned,  but 
with  the  increase  of  their  production  their  poisonous  properties  became 
more  and  more  apparent  and  forced  the  manufacturer  to  modify  the 
processes  so  that  they  could  be  carried  out  in  tightly  closed  vessels  in 
order  to  protect  the  life  and  health  of  the  workmen. 

In  Germuiy  legislation  has  been  recently  enacted,  based  on  the 
experience  of  the  individual  factories,  which  lays  down  rules  and 
regulations  for  strict  observance. 

Several  trinitro  compounds  have  been  shown  to  be  good  explosives, 
and,  like  trinitrotoluene,  are  now  lately  employed  as  substitutes  of 
picric  aicd  in  the  manufacture  of  explosives. 

The  introduction  of  oxy  groups  into  the  molecule  is  mostly  brought 
about  by  melting  sulpho  acids  with  alkaUes,  and,  according  to  more 
recent  methods,  with  alkaline-earth  metals,  such  as  calcium  and 
barium  hydrate.  Since  chlorine,  produced  electrolytically,  is  obtun- 
able  in  imlimited  quantities  and  chemically  pure,  chlorine  substitution 
d^vatives  of  the  hydrocarbons  have  been  employed  for  all  kinds  of 
S3^thetical  purposes.  Many  of  these  ctilorine  derivatives  can  not  only 
be  converted  into  oxy-derivatives  by  melting  with  aikahes,  but,  like 
paranitro-chlorbenzole,  they  also  directly  exchange  their  chlorine  for 
an  amido  group  when  treated  with  ammonia  or  its  derivatives.  Colors 
also  often  change  their  shade  when  a  halogen  atom  is  introduced  into 
their  molecule  and  acquire  more  valuable  properties.  Chlorine  has 
therefore  proved  exceedingly  useful  in  the  preparation  of  intermediate 
products  and  will  undoubtedly  become  of  still  greater  service  in  the 
future. 

In  the  naphthalene  series  the  method  discovered  by  Bucherer 
and  Lepetit  for  the  conversion  of  the  hydroxyl  group  into  the 
amido  group  and  vice  versa,  employing  sulphurous  acid  esters, 
has  proved  of    great   practical    value.    Phosgene,  too,  is  to-day 
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being  more  and  more  employed.  Several  decades  ago  it  became 
an  important  substance  for  the  production  of  the  urea  of  psrsr 
amidobeiizolazo-saUcylic  acid,  introduced  into  the  market  under 
-the  name  of  "cotton  yellow,"  as  a  beautiful  yellow  cotton  color 
of  great  fastness  to  li^t.  It's  principal  use,  however,  was  for  the 
manufacture  of  the  bright  but  fugitive  triphenylmethane  colore. 
It  is  now  especially  used  to  combine  two  molecules  of  aromatic  com- 
pounds with  free  amido  groups,  thus  producing  urea  derivatives, 
and  if  the  starting  material  is  an  azo  color,  the  resulting  urea  derivar 
tive  ifi,  as  a  rule,  much  faster  to  light  than  the  original  color,  Imi- 
dazol,  thiazol,  and  azdmido  compounds  of  the  most  varied  kinds  are 
also  manufactured  and  converted  into  azo  colors. 

In  the  series  of  the  aldehydes  and  carboxylic  acids  there  are  no 
epoch-making  discoveries  to  be  recorded.  Chemists  still  start  from 
hydrocarbons  chlorinated  in  the  side  chain  or  directly  oxidize  the 
homologues  of  benzole.  Klobe's  synthesis  of  salicyUc  acid,  of  which 
large  quantities  are  used  in  the  color  industry,  is  also  applied  at  an 
ever-increasing  rate  for  the  production  of  the  oxycarboxylic  acids. 
But  the  direct  introduction  of  the  carboxyUc  group  into  the  benzole 
molecule,  unsulwtituted  by  hydroxyl,  is  a  greatly  desired  achieve- 
ment, which,  however,  has  not  yet  been  attained.  It  is  also  a  matter 
of  greatest  importance  that  in  substitution  reactions  of  the  aromatic 
nucleus  we  shotild  be  able  to  vary  at  will  the  ratio  of  the  isomers 
to  be  formed. 

Besides  the  biochemical  production  of  ethjlic  alcohol  from  wood 
waste  and  from  the  waste  liquors  of  the  sulphite  cellulose  industty, 
I  wish  to  mention  the  synUiesis  of  organic  compounds  by  the  addi- 
tion of  water  to  acetylene.  In  this  manner  we  produce  in  a  simple 
way  acetaldehyde,  which  can  be  easily  converted  into  acetic  acid, 
a  very  important  starting  material  for  the  manufacture  of  numerous 
product*. 

The  steady  search  for  new  raw  materials  and  new  intermediate 
products  to  be  utilized  in  the  manufacture  of  colors  has  often  been 
crowned  with  success.  We  need  only  to  recall  the  many  interme- 
diate products  which  have  been  made  avaDable  for  the  production 
of  the  vat  dyes  and  sulphur  colors  and  which  have  led  to  the  dis- 
covery of  new  substances  with  most  valuable  properties.  Very  often 
new  lines  of  research  are  not  always  based  upon  preconceived  theo- 
retical ideas,  but  are  opened  up  by  mere  accident.  A  keen  power  of 
observation,  however,  is  the  most  necessary  equipment  of  the  chemist 
who  aims  at  success. 

OOAI/-TAR  CM)LOB8. 

In  no  brandi  of  technical  chemistry  has  sudi  intense  work  been 
performed  as  in  that  of  the  coal-tar  color  industry.    The  outsider  long 
85360°— an  1912— 17  ,  ,,„„  ,, 
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ago  may  hxvo  thoi^ht  that  so  much  had  been  accomplished  in  this 
field  that  nething  more  was  left  to  be  done.  The  countless  dyestuffs, 
giving  all  the  colors  of  the  rainbow,  mi^t  well  have  given  rise  to  the 
belief  that  there  was  already  a  surplus.  But  here  the  course  of 
eventa  was  just  as  it  generally  is  in  life.  "With  growing  poasessions, 
man's  needs  and  demands  also  multiply.  While  people  were  formerly 
content  to  produce  with  coal-tar  colors  every  poe^ble  shade  in 
undreamt-of  brightnees  in  the  simplest  way,  they  ^sdualiy  b^an  to 
make  more  and  more  exacting  demands  as  regards  fastness.  Not 
only  must  materials  to  be  dyed  be  a  pleasing  shade,  but  they  also 
must  be  fast  to  washing  and  light.  Thus  Dew,  alluring  problems 
were  submitted  to  the  color  chranist,  and  his  indefatigable  efforts  have 
already  carried  him  a  long  way  toward  the  desired  end.  Strange 
to  say,  amongst  the  public  you  will  frequently  meet  the  view  that 
artificial  colors  do  not  give  fast  dyeings.  This  is  a  decided  error 
which  can  not  be  too  emphatically  contradicted.  To-day  we  can 
produce  almost  any  shade  with  any  desired  d^ree  of  fastness  on  any 
kind  of  material,  whether  it  be  wool,  cotton,  silk,  or  paper.  If  the 
dyer  does  not  always  produce  such  shades  it  is  the  fault  of  the  trade 
which  does  not  express  its  demands  forcibly  enough.  Of  course,  the 
dyeing  with  fast  colors  entails  a  somewhat  greats*  expense  which 
must  naturally  be  borne  by  the  consumer. 

Just  at  this  point,  before  discussing  the  progress  mode  in  the 
manufacture  of  fast  colors  and  in  order  to  prevent  misimdeistand- 
ing,  I  should  hke  to  emphasize  the  fact  that  the  old  colors,  tiiough 
not  as  fast  as  those  more  recently  discovered  and  though  perhaps 
quite  fugitive  in  some  respects,  still  have  a  right  to  ezist.  It  would 
be  quite  foolish  to  dye  certain  kinds  of  paper  intended  to  be  in 
use  for  only  a  very  short  time  with  colors  absolutely  fast  to  light, 
or  to  dye  cloth  never  to  be  washed  with  expensive  colors  fast  to 
washing,  or,  again,  to  treat  lining,  which  is  but  slightly  exposed  to 
sunlight,  in  the  same  way  as  materials  which  must  be  exceedingly 
fast  to  Ught.  Everything  according  to  reason.  For  many  purposes, 
however,  the  need  for  shades  fast  to  Ught  or  to  both  light  and  wash- 
ing is  so  great  that  it  must  be  given  every  consideration.  How 
mortifying  it  must  be  to  notice  shortly  after  you  have  decorated  the 
walls  of  your  home  with  most  beautiful  and  expensive  materials,  that 
the  lovely  colors  daily  grow  more  unsightly,  and  to  see  a  solitary 
patch  showing  up  in  all  its  pristine  glory  amidst  a  faded  background 
when  a  picture  or  other  piece  of  furniture  is  moved  to  another  place. 
As  it  is  possible  to  guard  ourselves  agaiiist  such  occurrences,  we 
should  certainly  do  so.  To-day  we  are  able  to  produce  the  most 
beautiful  colored  wall  coverings,  whether  of  paper  or  of  woven  or 
printed  fabrics,  to  meet  every  requirement  in  regard  to  fastness. 
This  is  proved  by  the  large  collection  of  all  kinds  of  woolen  and 
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cotton  fabrics  (ftfter  washing  and  exposure  to  light)  and  especially 
of  wall  papers,  of  carpets,  rubber  material,  and  balloon  coverings, 
which  the  different  firms  of  the  German  color  and  dyeing  industry 
have  placed  at  my  disposal  for  exhibition. 

If  you  now  inquire  how  chemists  have  been  able  to  make  such 
great  progress,  my  only  answer  is  by  logical  and  untiring  efforts 
along  well-known  ways,  undaunted  by  failures,  and  by  diligently  fol- 
lowing any  track,  however  faint,  that  gave  promise  of  advance. 

In  every  branch  of  the  color  industry  these  methods  have  led  to 
faster  and  ever  faster  dyestuffs,  from  the  multicolored  benzidine 
colors,  described  as  fugitive  to  light  and  not  stable  to  washing,  to 
the  authraquinone  colors  and  the  indigoid  vat  dyes.  Id  all  those 
classes  we  have  gradually  learned  to  recognize  certain  regularities 
and  to  accomplish  ceri;ain  results  by  systematically  groupaig  the 
components  and  fixing  the  position  of  the  substituting  groups,  and 
thus  we  have  succeeded  in  increasing  the  fastness  to  light  of  the 
individual  chemical  according  to  a  preconceived  plan. 

I!4T»IOOn)    COLORS. 

The  synthetic  production  of  colors  allied  to  indigo  was  stimulated 
by  the  successful  synthesis  of  indigo  which  almost  entirely  displaced 
natural  indigo  and  called  the  attention  of  both  chemists  and  consimier 
in  an  increased  measure  to  the  advantages  of  vat  dyeing.  The  kii^ 
of  dyestuffs,  indigo,  now  finds  itself  in  the  company  of  a  whole  series 
of  other  colors,  the  brome  Indigos,  the  thio  indigos,  and  alizarine 
indigos,  the  shades  ranging  from  blue  to  red,  violet,  gray,  and  black. 
Even  the  "purple"  of  the  ancients  has  been  reproduced  by  Paul 
Friedlaender,  who,  by  isolating  the  dyeing  principle  found  in  certain 
^ands  of  the  purple  snail  living  in  tho  Mediterranean,  has  demon- 
strated the  fact  that  this  natural  color  is  identical  with  a  dibrom 
indigo  which  had  been  long  before  produced  synthetically.  These 
indigoid  colors  possess  the  same,  if  not  better,  properties  as  Indigo 
itself. 

ALIZABINB   COLOBS. 

The  fastness  of  the  alizarine  colors,  e.  g.,  alizarine  red,  used  for 
Turkey  red,  was  well  known  in  ancient  times.  But,  wlicreas  formerly 
only  mordant  colors  were  considered  to  be  fast,  and  consequently 
only  these  were  looked  for  in  the  authraquinone  group,  which  led  to 
the  discovery  of  alizarine  orai^e,  brown,  and  blue,  and  the  alizarine 
cyanlnes,  Robert  E.  Schmidt,  in  1894  to  1897,  succeeded  in  finding 
acid-dyeing  anthraquinone  colors  which  dye  every  shade,  rivaling 
the  old  and  well-known  triphenylmethanes  in  brightncas  and  sim- 
plicity of  application  and  the  alizarine  mordant  colors  in  their  extra- 
ordinary fastness  to  light.    I  merely  mention    alizarine   cyanine 
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green,  alizarine  ^y-blue,  anthrsquinone  blue,  and  alizarine  sappbirole, 
astrol,  irisol,  and  rubinol.  Tbeir  fastnesa  to  light  is  so  excellent 
that  in  the  famous  "Manufacture  National©  du  gobelins"  in  Paris, 
they  have  replaced  the  older  dyestuffs  for  the  dyeing  of  wool  used 
in  the  manufacture  of  gobelina.  This  means  a  great  deal  if  it  be 
borne  in  mind  that  a  square  meter  of  these  gobelkts,  for  the  produc- 
tion of  which  an  operator  needs  more  than  a  year,  costs,  on  the 
average,  about  6,000  francs. 

INDANTHBENE  AND  ALOOLE  COLOBS. 

An  entirely  new  era  began  for  the  alizarine  series  when  R£n6  Bohn 
in  1901  found  that  his  new  color,  indanthrene,  could  be  used  as  a 
vat  dye  for  cotton.  This  color  can  be  dyed  in  its  reduced  state  like 
indigo,  but  is  far  supenor  to  the  latter  in  beauty  and  bri^tness  of 
shade,  as  well  as  in  fastness  to  washing  and  light.  Indeed,  the 
fastness  to  light  is  so  great  in  this  respect  it  must  be  tenned 
indestructible. 

On  account  of  this  phenomenal  fastness,  indanthrene  blue  caused 
chemists  to  look  for  other  vat  colors  in  the  anthraquinone  series. 
Their  efforts  did  not  remain  unrewarded,  and  we  already  possess 
colors  of  this  class  giving  every  possible  shade.  The  Badische  Anilin 
and  Soda  Fabrik  sell  them  under  the  name  of  "indanthrene  colors," 
the  Farbenfabriken  vorm.  Fnedr.  Bayer  &  Co.  under  the  name 
"algole  colors."  Chemically  most  of  these  vat  colors  belong  to  the 
indanthrene  type;  some  of  them  are  still  more  complicated  nuclear 
products  of  condensation  of  several  anthraquinone  molecules;  others, 
i^ain,  rea  di-  and  tri-  anthraquinonylamines.  It  must  also  he  noted 
that  to  the  greatest  surprise  of  all  experts  in  this  branch,  it  was  dis- 
covered in  the  laboratory  of  the  Faibenfabriken  vorm.  Friedr.  Bayer 
&  Co.,  that  even  some  of  the  simplest  acyl  derivatives  (-beneoyl)  of 
the  aminoanthraquinones  are  excellent  vat  colors. 

LAKE   COLORS. 

We  must  not  leave  out  of  sight  the  importance  of  some  colors  of 
the  aniline  group  and  especially  the  anthraquinone  group  for  the 
production  of  lakes  for  paints  and  pigment  colors  for  wall  paper. 
The  alumina  lake  of  alizarine,  the  so-called  madder  lake,  with  its 
fine  shade  and  great  fastness  to  %ht,  is  beet  known.  Other  alizarine 
colors  also  yield  valuable  alumina  lakes;  thus,  alizarine  sapphirole 
^es  a  blue  lake  of  excellent  fastness  to  light.  But  it  is  not  always 
necessary  to  precipitate  lakes.  Some  of  the  difficultly  soluble  vat 
colors  may  be  directly  employed  in  a  finely  divided  form.  Thus 
indanthrene  and  algole  blue  already  play  important  rdles  as  substi- 
tutes for  ultramarine  for  bluing  higher  class  papw,  textiles,  and  even 
sugar. 


..CA>Ot^lc 


ACHIEVEMENTS  OF  CHEMICAL  INDUSTBY — DUISBEBQ.  249 

The  deT^opment  of  the  anthracene  colors,  aside  from  the  tinctorial 
progress,  brought  about  remarkable  results  in  pure  chemical  reBe&rch, 
for  example,  the  peculiar  action  of  boric  acid  and  the  catalytic  action 
of  quicksilver  in  the  sulphonation  proceesee  of  anthraquinone. 

But  in  this  branch  of  our  science  as  well  there  is  still  much  room . 
for  development.  Many  problems  remain  unsolved  and  new  ones  are 
continually  arising.  To  satisfy  the  dcanand  of  the  dyer  many  dy»- 
stuffs  must  still  be  synthetized. 

Tbe  ceaselees  efforts  of  the  color  chouist  will  tmdoubtedly  bring 
us  farther  and  farther  along  this  road,  and  complaints  about  the 
insufficient  fastness  of  dyed  materials  will  be  silenced  at  last.  If  this 
goal  is  to  be  reached,  it  is  absolutely  necessary  for  the  consumer  to 
support  the  manufactum-,  and  I  take  this  opportunity  to  state  that 
in  tbe  United  States  of  America  these  fast  colors  are  to-day  more 
generally  used  and  found  recognition  and  widespread  application 
here  eariier  than  in  any  other  counti-y. 

PHABMACBUTIOAL   CHEMI8TRT. 

I  will  now  deal  with  the  progress  and  problems  of  the  pharmaceu- 
tical industry  in  the  synthetic  production  of  medicinal  drugs.  This 
industry  is  the  youngest  daughter  of  the  coal-tar  industry,  and  it  is 
not  long  since  she  celebrated  her  twenty-fifth  anniveisary.  Those 
who,  like  myself,  had  the  good  fortune  to  stand  at  her  cradle  when 
Ludwig  Knorr  discovered  antipyrin  and  to  guide  her  first  tottering 
steps  at  the  time  phenacetin  and  sulphonal  were  brought  out  must 
look  back  with  a  joyful  heart  to  this  period  of  splendid  growtK 
Much  Inilliant  work  has  been  accomplished,  but  a  vast  amount  still 
ranains-to  be  done.  IXere  we  see  chemistry  and  medicine  intimatriy 
boimd  together,  the  one  dependent  upon  the  other  and  powwlees 
without  its  aid.  What  an  organization,  what  boundless  intelligence 
is  necessary,  and  what  immense  energy  has  to  be  expended  in  order 
to  discover  a  new  synthetic  remedy  and  to  smooth  ile  path  through 
the  obstacles  of  commerce!  Firat,  we  need  a  fully  equipped  chemical 
laboratory,  then  a  pharmacological  institute  with  a  staff  of  men 
trained  in  medicine  and  chemistry,  an  abundance  of  animals  to  expert 
iment  upon,  and,  finally—the  latest  development  in  this  field — a 
chemo-th«rapeutic  and  bacteriological  department  equipped  accord- 
ing to  the  ideas  of  Prof.  Ehrlich,  these  in  cloee  connection  with  one 
another.  Whatever  has  been  evolved  and,  after  much  painstaking 
effort,  selected  as  useful  finds  its  way  into  the  manufacturing  depaj-t- 
ment,  there  to  be  elaborated  in  the  most  minute  details  and  brought 
to  the  highest  possible  pitch  of  perfection.  Now  begins  the  arduous 
work  of  the  scientific  department.  Here  the  right  sponsors  must  be 
found;  here  all  prejudices  must  be  brushed  aside  and  an  extensive 
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propaganda  initiated.  Next,  a  host  of  clinicians  and  practitioners 
must  be  called  into  requisition,  so  that  what  has  been  evolved  in  the 
silent  workshop  will  be  conducted  on  a  stanch  ship  into  the  wide  sea 
of  publicity.  And,  finally,  it  is  the  calculating  salesman's  turn; 
he  must  bring  in  enough  to  cover  all  the  expenses  of  the  innumerable 
experiments  that  have  been  made  if  the  new  drug,  which  has  swal- 
lowed so  much  money,  is  to  survive  and  prosper.  Truly,  all  this  is  a 
task  which  only  too  often  is  misunderstood  and  insufficiently  appreci- 
ated. If,  however,  a  great  hit  is  made— an  event  almost  as  rare  as 
the  Gre(^  calends — then  the  envious,  the  patent  and  trade-mark 
violator,  and  even  the  smuggler,  cling  to  our  heels  and  seek  to  rob  us 
of  our  profits,  which,  taking  everything  into  conaideration,  are  really 
not  large.  But  despite  all  this,  and  though  unfortunately  opposed 
by  druggista  and  physicians  even  to-day,  the  pharmaceutical  industry 
serenely  pursues  its  task.  For,  besides  certain  economic  aims,  we  also 
have  ideals  to  strive  for.  We  combat  systematicaUy  the  symptoms 
of  disease  and  are  the  faithful  auxiliaries  both  of  the  doctor  uid  the 
harassed  nurse.  The  agonizing  pains  of  the  patient  we  allay  with 
narcotics  and  anesthetics.  When  sleep  flees  the  couch  of  sufFenng, 
we  compel  it  to  return;  fever,  we  banish.  We  destroy  the  minute 
oi^anisms  which  cause  and  spread  diseases.  Thus  we  add  to  the 
store  of  what  is  valuable  and  perfect  what  already  exists.  We  also 
isolate  the  active  principles  of  various  drugs  and  thus  assure  exact 
dosage  and  freedom  from  imdesirable  or  even  dangerous  by-effects. 

In  the  chemical  works  of  Germany  pure  chemical  science  receives 
its  due.  In  every  branch  of  inorganic,  oiganic,  and  physiological- 
biological  chemistry  we  are  working  with  an  army  of  scientifically 
trained  men.  In  synthetic  chemistry,  brilliant  achievements  have 
fallen  to  our  share.  Quite  recently  Stolz  succeeded  in  buiMing  up 
adrenalin,*  Decker  in  making  hydrastinin,  and  Emil  Fischer  and 
Wilhelm  Traube  in  producing  purin  bases.  All  of  these  are  magnifi- 
cent accomplishments,  and  many  of  them  have  been  effected  in  the 
laboratories  of  the  industry. 

That  even  yet,  as  at  the  beginning — the  antifebrin  period — ^we 
must  trust  to  chance  is  shown  by  the  discovery  of  atophan,  the  latest 
valuable  antiarthritic,  which  is  due  to  a  fortunate  accidental  observa- 
tion. In  the  subject  of  the  old  ei^ot  problem,  research  work  is 
gradually  bringing  more  light  and  makes  the  possibility  of  syntheti- 
cally producing  a  substitute  a  thing  of  the  near  future.  The  publi- 
cations on  this  subject  show  that  hemostatic  alkaloids  possess  a  com- 
paratively simple  constitution.    That  sedatives  hare  their  place  in 
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an  age  when  nervous  disorders  are  so  common  is  not  to  be  wondered 
at.  I  need  merely  remind  you  of  the  new  adalin  which  has  proved 
exceedingly  useful.  RecenUy  Emil  Fischer,  the  master  of  chemical 
research  to  whom  the  pharmaceutical  industry  is  indebted  for  tiie 
synthetic  purin  bases,  viz,  caffein,  theobromine,  and  theocin,  as  well 
as  the  valued  remedies,  veronal  and  sajodln,  has  succeeded,  after  long 
and  fruitless  labors,  in  elucidating  the  constitution  of  tannin  and 
producing  it  synthetically.  He  has  thus  proved  that  it  might  be 
possible  to  manufacture  tanning  agents  of  all  kinds  artificially  and 
has  opened  up  a  new  and  promising  field  for  research. 

CHEMOTHERAPT . 

But  a  short  while  ago  Ehrlich  drew  attention  to  another  promising 
branch  of  pharmaceutical-medical  chemistry,  viz,  the  treatment  of 
infectious  diseases  by  chemical  means.  After  many  years'  arduous 
labor  and  after  many  thousand  experiments  on  different  nnimnla  this 
master  of  medicine  and  chemistry  succeeded  in  demonstrating  that  it 
is  possible  to  produce  chemical  substances  which  will  kiU  the  parasites 
in  the  human  body  without  injuring  their  host  and  that  this  action 
is  a  function  of  the  chemical  constitution.  The  new  science,  with  its 
magical  buUets  directed  only  against  the  injurious  organisms  in  the 
body,  but  not  a^ecting  its  cells,  pursued  its  course  from  amiuophenyl- 
arsinio  acid  (atoxyl)  to  diaminooxyarsenobenzole  (salvarsan).  Thus 
a  new  synthetic  preparation,  an  arsenic  compound,  is  added  to  the  old 
and  highly  effective  remedies,  mercuiy,  quinine,  and  salicylic  acid. 
It  is  certain  that  we  are  here  only  at  the  beginning  of  a  new  develop- 
ment. Wo  know  already  that  we  are  able  to  combat  not  only 
spirochetes  but  also  bacterial  diseases  like  tuberculosis.  Even 
carcinoma  and  sarcoma,  those  growths  so  destructive  to  humanity, 
whose  cause  is,  however,  not  yet  understood,  can  probably  be  influ- 
enced in  a  like  manner  by  means  of  selenium  compounds,  as  first 
pointed  out  by  fkuil  Fischer.  But  were  we  to  learn  to  cure  diseases 
due  to  trypanosomes  and  plasmodia,  what  a  great  work  we  should 
have  accomplished  in  the  interest  of  humanity  and  social  economy, 
for  it  is  in  the  most  fruitful  lands  indeed  that  these  diseases,  malaria 
and  sleeping  sickness,  are  to  be  found,  and  man  and  beast  are  ruth- 
lessly destroyed  by  them.  Neither  salvarsan  nor  atoxyl  are  of 
service  here,  and  therefore  other  hitherto  unknown  remedies  must  be 
found. 

While  the  treatment  of  syphilis,  with  its  terrible  consequences,  is 
still  imperfect  in  spite  of  mercury  and  salvarsan,  let  us  hope  that  the 
systematic  experiments  carried  out  in  the  laboratory  with  the  in- 
numerable products  which  chemistry  is  able  to  prodXice  from  mercuiy 
and  from  arsenic  will  finally  lead  to  complete  success. 
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STNTHBTIC    FBKrUHES. 

In  the  perfume  industry  the  developments  made  since  the  scent  of 
the  violet  was  imitated  with  jonon,  and  since  the  successful  synthesis 
ot  camphor  from  turpentine,  are  not  of  Buch  nature  that  we  need  to 
deal  with  them  at  great  length.  The  importance  of  this  industry 
appears  from  its  yearly  turnover  of  45  to  50  million  marks  (10  to  12 
million  dollars).  Here  the  efforts  of  the  chemists  are  directed  toward 
determining  the  constitution  of  the  complex  and  simple  natural  per- 
fumes, isolating  the  various  products  of  decomposition  obtained  dur- 
ing the  .investigation,  and  finally  reproducing  the  natural  perfumes 
synthetically.  Such  results  have  already  been  achieved  in  the  case 
of  the  odor  of  the  rose,  lily  of  the  valley,  and  violet.  Very  often 
obtain  substances  are  needed  in  the  compomiding  of  perfumes  which 
like  indole  possess  anything  but  a  pleasant  smell. 

ARTIFICIAL  SILK. 

Even  if  doubt  be  expressed  as  to  whether  artifioial  silk  (the  yearly 
consumption  of  which  amounts  to  about  7,000,000  kilograma)  still 
belongs  to  the  chemical  industry  because  it  stands  in  such  close  rela- 
tion to  the  textile  industry,  witii  its  weaving  and  spinning  machines, 
yet  the  raw  materials  needed  for  its  production,  such  as  nitrooellu- 
lose,  copper  ammonia  cellulose,  and  oellulose-xantogenate,  are  of  such 
importance  that  the  chemist  and  engineer  equally  divide  the  respon- 
sibility in  this  branch  of  manufacture.  Yiscose  silk  from  xantogenate 
of  cellulose,  tiie  production  of  which  has  been  recently  very  much 
improved,  seems  to  replace  nitrooelluloae  silk  and  the  copper  am- 
monia silk.  This  viscose  silk  surpaaaes  all  other  orUficial  silkg  in 
luster  and  is  the  cheapest  to  manufacture,  so  that  the  apparently 
simplest  process  of  all,  the  copper  ammonia  cellulose  silk,  con  not 
compete  with  it  any  more.  Amtmg  the  exhibits  are  fine  specimens 
of  this  Eoik  from  the  Vereimgten  Qlamstofffabriken  of  Mberfeld  and 
their  factory  in  Oberbruch  in  Dremmen  near  Aix-la-Chapelle,  includ- 
ing the  vuioua  raw  materials,  wood,  cellulose,  alkali  cellulose,  and  the 
cellulose  xantogenates  produced  by  treatment  with  bisulphide  of  cax- 
bon  and  the  viscose  solution  itself. 

AOETTLCBIiULOSE — CELLIT  FILMS. 

From  aeetylcellulose  soluble  in  aceton,  called  cellit,  the  Farben- 
f  abriken  vorm.  Friedr.  Bayer  &  Co.  first  produced  cinematograph  films, 
but  although  they  have  the  great  advantage  over  those  manufactured 
from  nitroceDuIoee  in  being  noninflammable,  it  has  not  been  possible 
to  introduce  them  generally.  In  all  their  properties  the  cellit  films 
ore  equal  to  the  old  inflammable  ones,  yet  l^e  proprietors  of  moving- 
picture  theaters  do  not  take  them  up  beoause  they  fear  the  oompe- 
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tition  of  tb«  schools  and  the  borne  where  the  cellit  filnta  would  be 
largely  used  on  account  of  their  noninflumnability.  The  only  help 
then  would  be  such  action  by  ^OBe  in  authority  as  to  make  it  diffi- 
cult to  employ  inflammable  films  and  to  facilitate  the  uM  of  oellit 
films.  There  are  prospeots  of  such  legislation  at  least  in  Gennany, 
which  would  put  an  end  to  cinematograph  fires  with  tlieir  great  danger 
to  life  and  j»roperty. 

NONINIXAUUABLB  CELLULOID  (CELLON). 

'Tho  problem  of  manufacturing  noninflammable  celluloid  by  mix- 
ing cetlit  with  suitable  camphor  substitutes  which  bum  difficultly  or 
not  at  all  may  be  considered  as  definitely  solved.  E^hengrtln  has 
simplified  the  manufacture  to  an  extraordinary  extent  by  showing 
that  certain  acetylcelluloses  nmy  be  gelatinized  in  the  same  way  as 
nitrocellulose.  As  ia  well  known,  nitrocellulose  with  camphor  in  the 
presence  of  a  solvent  yields  a  so-called  solid  solution,  and  oven  in 
the  dried  state  may  be  easily  cut  or  formed  into  sticksj  tubes,  or 
threads.  Cellit  when  treated  in  exactly  the  same  way  with  appro- 
priat«  camphor  substitutes,  can  be  converted  into  "cellon,"  the  non- 
inflammable  substitute  for  celluloid.  Single  blocks  weighing  200 
pounds  ^e  already  produced  on  a  large  scale  which  like  celluloid 
can  be  sawed,  cut,  and  poUshod;  when  heated  can  be  pressed  or  bent; 
and  when  subjected  to  steam  at  a  high  temperature  can  be  drawn 
and  molded.  Compared  with  celluloid,  cellon  has  the  advantage  of 
being  more  elastic,  soft,  and  ductile.  It  ia  therefore  frequently  used 
as  a  substitute  for  hard  rubber,  gutta  percha,  leather,  etc.  Cellon, 
in  the  form  of  a  highly  viscous,  sirup-like  solution,  may  be  employed 
for  coating  fabrics,  wood,  paper,  metal,  etc.,  with  a  thick,  enamel- 
like uniform  and  pliable  surface.  Thus,  patent  leather,  artfficial 
leather,  insulators,  balloon  covers,  etc.,  may  be  produced.  In  France 
this  varnish  is  already  employed  for  enameling  aeroplanes.  Objects 
made  of  this  novel  ant*  widely  useful  material  are  to  be  found  among 
the  exhibits  beii^  manufactured  by  the  Rheinisch-Westfalische 
Sprengstoff  Actien  Gesellschaft  in  Cologne  and  the  Soci£t6  Indus- 
trielle  de  Celluloid  in  Paris. 


Finally,  I  will  refcf  to  one  of  the  greatest  successes  and  yet  one  of 
the  most  difficult  problems  of  the  chemical  industry,  viz,  the  pro- 
duction of  synthetic  rubber.  I  am  proud  of  the  fact  that  ita  pro- 
duction was  auccesBfully  accomplished  in  the  works  which  are  under 
my  management,  and  that  I  was  able  to  follow  every  stage  of  this 
important  discovery.  Perhaps  you  would  be  interested  to  bear, 
although  it  is  getting  late,  how  the  whole  thing  happened,  especially 
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as  much  that  ia  uutrue  and  misleading  has  appeared  in  the  Tpteaa 
during  the  last  few  weebs. 

But  first,  a  few  words  about  natural  rubber.  The  Old  World  owes 
its  knowledge  of  this  substance  to  the  New.  This  wonderful  product 
became  known  in  Europe  shortly  after  Columbus  discoTered  Amer- 
ica. If  I,  coming  from  across  the  ocean,  now  bring  you  this  colloid 
prepared  there  synthetically,  I  merely  repay  part  of  the  debt  which 
we  owe  America. 

Hardly  a  generation  ago,  the  southern  part  of  this  great  American 
continent  furnished  the  whole  supply  of  the  different  binds  of  rubber. 
Since  then  extensive  plantations  of  rubber  trees  have  been  established 
in  various  tropical  countries,  and  their  yield  has  grown  so  enormously 
that  the  old  home  of  wild  rubber  will  soon  be  thrust  into  the  back- 
ground. This  is  a  matter  which  involves  many  millions;  conse- 
quently a  very  serious  economical  problem  confronts  South  America. 

You  all  know  that  caoutchouc  is  made  from  the  milky  sap  of 
numerous  species  of  trees  and  shrubs  and  the  grotesquely  formed 
lianas  by  various  coagulation  processes,  and  that  this  product,  on 
being  suitably  treated  with  sulphur  or  sulphur  compounds,  i.  e.,  by 
vulcanization,  acquires  its  valuable  and  characteristic  properties. 
The  synthetic  method  took  quite  a  different  route.  By  breaking  up 
the  very  complex  molecule  which  rubber  doubtless  possesses,  by 
pyrogenetic  processes,  i.  e.,  by  dry  distillation,  a  veritable  maze  of 
all  kinds  of  gases,  oils,  and  resins  was  obtained,  as  well  as  a  colorless 
fluid  resembling  benzine,  to  which  the  investigators  gave  the  name 
"isoprene."  It  was  Bouchardat  who  first  expressed  the  belief  that 
this  isoprene,  which  is  obtained  in  very  small  quantities  and  in  an 
impure  form  by  the  dry  distillation  of  caoutchouc,  might  be  closely 
imd  intimately  related  to  caoutchouc  itself.  This  important  question 
was  then  eagerly  discussed  for  several  decades  by  the  scientists  of  all 
countries,  and  opinions  were  sharply  divided. 

As  far  back  as  the  eighties,  Tilden  claimed  to  have  prepared  arti- 
ficial rubber  from  isoprene  by  treatment  with  hydrochloric  acid  and 
nitrous  acid.  But  neither  Tilden  nor  his  assistants,  though  they 
worked  strenuously  for  years,  succeeded  in  repeating  the  experi- 
ments. Moreover,  numerous  other  investigators,  among  Uiem  our 
chemists,  were  unable  to  confirm  the  results.  In  1894  Tilden  found, 
however,  that  that  isoprene  which  he  had  prepared  about  10  years 
before,  on  standing,  had  partially  polymerized  into  rubber.  In  this 
way  'niden,  in  fact,  was  the  first  discoverer  of  synthetic  rubber.  But 
this  method  which  time  has  not  yet  permitted  to  repeat  is  obviously 
not  a  commercial  one.  Dr.  fVitz  Hofmann  of  the  Farbenfabrilffln 
vorm.  Frifidr.  Bayer  &  Co.  is  to  be  regarded  as  the  real  inventor  of 
synthetic  rubber,  for,  by  the  application  of  heat,  he  succeeded,  as  the 
&8t,  in  August,  1909,  in  polymerizing  the  isoprene  molecules  com- 
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pletdy  into  the  complex  rubber  molecule  on  a  teclmical  acale.  Some- 
what later  Hairies  invented  independently  another  method  of  arriT- 
ing  at  the  same  result.  Bveryone  is  now  in  a  position  to  repeat  this 
exceedingly  simple  experiment  himself,  but  in  order  to  confirm  Hof- 
nuum's  results,  it  is  neceesary  to  employ  pure  isoprone. 

The  practical  value  of  this  rubber,  of  which  many  samples  are 
among  the  exhibits,  has  been  tested  by  the  highest  authorities  in 
this  branch  of  the  industry,  whilst  Frof.  Earl  Harries,  whoee  unre- 
mitting labors  extending  over  many  years,  prepared  the  soil  for 
Hofmann's  synthesis,  has  car^uUy  examined  the  chemical  constitu- 
tion of  the  substance. 

Isoprene  belongs  to  the  butadienes.  It  was  therefore  to  be 
assumed  at  the  start  that  betamethylbutAdiene  would  not  hold  a 
peculiar  and  isolated  position  amongst  the  butadienes  in  general. 
It  was  argued  that  other  members  of  this  interesting  group  of  hydro- 
carbons would  yield  analogous  and  homologous  rubbers  on  being 
heated.  In  the  synthesis  of  products  occurnng  in  nature,  there  is 
always  a  possibility  of  producing  such  variations,  and  our  endeavors 
to  find  out  whether  this  was  true  in  the  case  of  rubber  were  crowned 
with  success,  for  to-day  several  representatives  of  the  new  class  of 
caoutchoucs  possessing  different  properties  are  known  and  are  being 
submitted  to  technical  tests.  Exact  proof  of  the  existence  of  the 
class  of  isomeric  and  homologous  caoutchoucs  was  also  first  presented 
by  Elberfeld. 

To  you  who  hear  this  account  and  see  these  beautiful  specimens, 
the  matter  appears  very  simple,  intelligible,  and  clear.  In  reality, 
however,  it  was  not  so.  The  difficulties  which  have  been  overcome 
were  great  indeed  and  those  which  still  remain  to  be  surmounted,  in 
order  to  produce  a  substance  equal  to  para  caoutchouc  in  quality 
and  capable  of  competing  with  cheap  plantation  rubber  costing  only 
2  marks  por  kilo,  ore  still  greater.  But  such  difficulties  do  not  in- 
timidate the  chemist  and  manufactiu«r;  on  ihs  contrary,  they  q>ur 
them  on  to  further  efforts.  The  stone  is  rolling,  and  we  will  see  to  it 
that  it  reaches  its  destination.  The  end  in  view  is  this,  that  arti- 
ficial rubber  may  soon  play  as  important  a  rdle  in  the  markets  of  the 
world  as  does  natural  rubber.  The  consumption  of  rubber  is  simply 
enormous.  Finished  articles  to  the  value  of  3  milliard  marts 
($750,000,000)  are  manufactured  every  year,  and  the  raw  material 
from  which  they  are  made,  calculated  at  the  present  market  price 
of  12  marks  (S3)  per  kilo,  costs  1  milliard  marks  ($250,000,000), 
Other  tasks  which  the  chemist  has  on  hand  shrink  into  inaignificanoe 
compared  with  this  gigantic  problem.  The  laurel  wreath  will  not 
adorn  the  brow  of  the  wild  dreamer  but  that  of  the  scientist  who, 
cool  and  persevering,  pursues  his  way.     The  seed  he  sows  ripens 
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slowly,  and  though  according  to  the  atatemonts  in  the  press,  all  thia 
is  mere  child's  play  and  the  }HX)l)lem  has  been  solTed,  I  leaTO  it  to 
your  judgment  whether  this  is  true  or  not,  like  much  that  printer's 
ink  patiently  transfers  to  paper.  I  am  right  in  the  midst  of  this 
excitement.  I  have  employed  articles  mfide  of  synthetic  rubber, 
and  for  some  time  I  have  used  automobile  tires  made  of  this  mate- 
rial. Yet,  if  you  ask  me  to  answer  you  honestly  and  truly  when 
synthetic  rubber  will  bring  the  millions  which  prophets  see  in  its 
e:q)loitation,  Z  must  reply  that  I  do  not  know.  Surely  not  in  tht> 
immediate  future,  although  synthetic  rubber  will  certainly  appear 
on  the  market  in  a  very  short  time.  But  I  hope  to  lire  long  enough 
to  see  art  triumph  also  here  over  nature. 

We  are  now  at  the  end  of  our  journey.  We  have  flown  not  only 
over  the  field  of  Germany,  but  also  over  all  other  countries  where  the 
chenucal  industry  is  cultivated.  We  have  taken  a  passing  glance  at 
the  untiring  striving  for  advance,  the  restless  search  for  the  hidden 
and  unknown,  the  ceaseless  efforts  to  acquire  more  technical  knowl- 
edge,as  witnessed  in  the  great  laboratories  and  factories  of  our 
m^hty  and  ever-growing  industry.  Wo  will  now  guide  our  airship 
into  the  haven  whence  we  set  out  and  land  where  our  coworkers  have 
gathered  from  all  the  countries  of  the  earth  to  recount  whatever 
progress  each  has  achieved,  and  to  discuss,  in  public  and  private,  the 
problems  which  have  been  solved  and  those  which  still  await  solution. 

This  is  tho  purpose  and  aim  of  the  congresses  of  applied  chemistry, 
and  in  this  way  they  promote  directly  and  indirectly  the  interests  of 
our  industry.  But  they  also  serve  another  purpose — to  spread  far 
and  wide  knowledge  of  our  great  deeds.  It  is  thus  that  they  impress 
the  importance  of  our  science  and  the  arts  founded  on  it  upon  the 
pubKc  in  general  and  especially  upon  those  who  have  influence  in 
social  or  official  positions,  so  that  our  profession  may  advance  equally 
with  others,  and  so  that  tbe  importance  of  the  chenucal  industry  and 
of  those  connected  with  it  from  an  economic,  hygienic,  and  social 
standpoint  may  become  better  and  better  known. 

That  the  effulgent  light  of  this  knowledge  will  also  be  diffused  by 
the  Ei^th  International  Congress  of  Applied  Chemistry  is  assured  by 
the  magnificent  organization  which  our  friends,  the  American  chem- 
ists, have  provided,  tho  skillful  manner  in  which  the  affair  has  been 
conducted,  tiie  hospitable  reception  which  has  been  extended  to  us, 
not  only  by  our  colleagues  but  by  the  people  at  lai^,  and  which  is 
still  awaiting  us  in  our  tours  of  inspection  of  the  flourishing  industry 
of  America,  in  so  many  respects  a  model  for  others.  For  chemical 
science  and  the  chemical  industry  the  follo^ving  words  of  Schiller  are 
beautifully  descriptive: 

"Only  tho  sorious  mind,  undaunted  by  obstacles,  can  hear  the 
murmuring  of  tho  hidden  spring  of  truth." 
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By  W.  J.  HuMPHRETS,  Ph.  D., 
r  of  MtUorahgicdl  Phytia,   United  Stata  Wealher  Bureau,  Wathington,  D.  i 


[With  3  platee.] 

Tlie  bucking  and  balking,  the  rearing,  plui^;ii^,  and  other  eri- 
danoea  of  the  mulish  nature  of  the  modem  Pegasus  soon  inspired 
aerial  jookeTS  to  invent  picturesque  terms  doacnptive  of  their  steeds 
and  of  the  conditions  imder  which  their  laurels  were  won  or  lost. 
One  of  the  best  of  these  expressions,  one  that  is  very  generally  used  and 
seemsto  be  a  permanent  acquiation,  is  "  holes  in  the  air. "  There  are, 
of  course,  no  holes  in  the  ordinary  sense  of  the  term  in  the  atmosphere — 
no  vacuous  regions — but  the  phrase  "holes  in  the  air"  is  brief  and 
el^antly  expressive  of  the  fact  that  occasionally  at  various  places  in 
the  atmosphere  there  are  conditions  which,  so  far  as  flying  is  con- 
cerned, are  mighty  like  unto  holes.  Such  condttionB  are  indeed  real, 
and  it  is  the  purpose  of  this  paper  to  point  out  what  some  of  them 
are,  when  and  where  they  are  most  likely  to  occur,  and  how  best  to 
avoid  them. 

Suppose  for  a  moment  t^t  there  was  a  big  hole  in  the  atmosphere,  \ 
a  place  flevoid  of  air  and  of  all  pressure.  The  surrounding  air  would 
rush  in  to  fill  this  space  with  the  velocity  pertaining  to  free  particles 
of  the  atmosphere  at  the  prevailing  temperature;  that  is  to  say,  at 
the  velocity  of  sound  in  air  at  the  same  temperature,  and  therefore 
at  ordinary  temperatures  of  about  1,100  feet  per  second,  or  750  miles 
p«-  hour.  Even,  therefore,  if  such  a  hole  existed,  it  would  be  impoa-  I 
Bible  for  an  aeronaut  to  get  into  it — ^he  could  not  catch  up  with  it.  I 

But,  according  to  the  claims  of  some,  if  there  are  no  complete 
holes  in  the  atmosphere  there  are,  at  any  rate,  places  where  the  den- 
sity is  much  less  than  that  of -the  surrounding  air;  so  much  less 
indeed  that  when  an  aeroplane  runs  into  one  of  them  it  drops  quite 
as  though  it  was  in  a  place  devoid  of  all  air  and  without  support  of 
any  kind. 

This,  too,  like  the  actual  hole,  is  a  pure  fiction  that  has  no  support 
in  barometric  records.  Indeed,  such  a  condition,  as  every  scientific 
man  knows,  could  be  established  and  maintained  only  by  a  gyration 
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or  whirl  of  the  atmosphere,  Buch  that  the  "centrifugal  force"  would 
be  sufficient  to  equal  the  difference  in  pressure,  at  the  same  level, 
between  the  regions  of  high  and  low  density. 

Appropriate  equations  can  be  written  to  express  the  balance 
between  pressure  gradient  and  deflective  force  in  any  sort  of  winds, 
and  at  any  part  of  the  world  (it  depends  slightly  upon  latitude). 
Therefore  it  is  possible  with  certain  conditions  given  to  compute  tihe 
wind  veloraty,  or  with  other  conditions  given  to  compute  the  pres- 
sure gradient.  But  in  the  present  case  numerical  calculations  are 
not  necessary.  We  know  that  an  ascent  of  half  a  mile,  easily  made 
by  an  aeroplane,  produces  roughly  a  10  per  cent  decrease  in  pressure, 
and  we  know  too  that  a  greater  pressure  di£Eerence  than  this  seldom 
exists  even  between  center  and  circumference  of  violent  tornadoes. 
Hence  a  drop  in  density,  or  pressure,  to  which  the  density  is  directly 
proportional,  sufficient  to  cause  an  aeroplane  to  fall,  would  require  a 
tronadic  whirl  of  the  most  destructive  violence.  Now  th6re  were  no 
whirlwinds  of  importance  in  the  air,  certainly  none  that  could  be 
called  tornadoes,  at  the  times  and  places  where  aavnauts  have 
reported  holes,  and  therefore  even  half  holes,  in  the  sense  of  places 
sufficiently  vacuous  to  cause  a  fall,  must  also  be  discarded  as  tmreal, 
if  not  impossible. 

Along  with  these  two  impossibles,  the  hole  and  the  half  hole,  the 
'  vacuum  and  the  half  vacuum,  should  be  consigned  to  oblivion  that 
other  picturesque  fiction,  the  "pocket  of  noxious  gas."  Probably 
no  other  gases,  certainly  very  few,  have  at  ordinary  temperatures 
'  and  pressures,  the  same  density  as  atmospheric  air.  'Therefore  a 
pocket  of  foreign  gas  in  the  atmosphere  would  almost  certainly  either 
bob  up  like  a  balloon,  or  sink  like  a  stone  in  water ;  It  could  not  float 
in  mid  air.  It  is  possible,  of  cotu^e,  as  will  be  discussed  a  little  later, 
to  run  into  columns  of  rising  air  that  may  contain  objectionable  gases 
and  odors,  but  these  columns  are  quite  different  from  any^ng  likely 
to  be  suggested  by  the  expression  "pockets  of  gas. " 

The  above  are  some  of  the  things  that,  fortunately  alike  for  those 
who  walk  the  earth  and  those  who  fly  the  air,  do  not  exist.  We  will 
now  consider  some  of  the  things  that  do  exist  and  produce  effects 
such  as  actual  holes  and  half  holes  would  produce — sudden  drops 
and  occasional  disastrous  falls. 

AXBIAL  FOUNTAINS. 

A  mass  of  air  rises  or  falls  according  as  its  density  is  less  or  greater, 
respectively,  than  that  of  the  surrounding  atmosphere,  just  as  and 
for  the  same  reason  that  a  cork  bobs  up  in  water  and  a  stone  goes 
down.  Hence  warm  and  therefore  expanded  and  light  air  is  buoyed 
up  whenever  the  surrounding  air  at  the  same  level  is  colder;  and  as 
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the  atmosphere  is  heated  mamly  through  contact  with  the  surface  of 
the  earth,  which  in  turn  has  been  heated  by  sunshine,  it  foUows  that 
these  convection  currents,  or  vertical  tiprushes  of  the  atmosphere, 
are  most  numerous  diu^g  warm  clear  weather. 

The  turbulence  of  some  of  these  rising  columns  ia  evident  from  the 
numeroufi  rolls  and  billows  of  the  lai^e  cumulus  clouds  they  produce, 
and  it  is  obvious  that  the  same  sort  of  turbulence,  probably  on  a 
am&ller  scale,  occurs  near  the  tops  of  those  columns  that  do  not  rise 
to  the  cloud  level.  !>*urtber,  it  is  quite  possible,  when  the  air  is 
azceptionallj  quiet,  for  a  rising  column  to  be  rather  sharply  sepsr 
rated  from  the  surrounding  quiescent  atmosphere,  as  is  evident  from 
the  closely  adhering  long  columns  of  smoke  occasionally  seen  to  rise 
from  chimneys. 

The  veloeilTf  of  ascent  of  such  fountains  of  air  is  at  times  surpris- 
ingly great.  Measurements  on  pilot  balloons  and  measurements 
taken  in  manned  balloons  have  shown  vertical  velocities,  both  up 
and  down,  of  as  much  as  10  feet  per  second.  The  soaring  ot  lai^ 
birds  is  a  further  proof  of  an  upward  velocity  of  the  same  order  of 
magnitude,  while  the  fact  that  in  ctmiulus  clouds  water  drops  and 
hailstonee  often  are  not  only  temporarily  supported,  hut  even  carried 
to  higher  levels,  shows  that  uprushes  of  25  to  30  feet  per  second  not 
merely  miay  but  actually  do  occur. 

There  are,  then,  aerial  fountains  of  considerable  vertical  velocity 
whose  sides  at  times  and  places  may  be  almost  as  sharplyseparated 
from  the  siuroundlng  air  as  are  the  sides  of  a  fountain  of  water,  and 
it  ia  altogether  possible  for  the  swiftest  of  these  to  produce  effects  on 
an  aeroplane  more  or  less  disconcerting  to  the  pilot.  The  trouble 
may  occur: 

1 .  On  grazing  the  column,  with  one  wing  of  the  machine  in  the  ris- 
ing and  the  other  in  the  stationary  air;  a  condition  that  interferes 
with  lateral  stability  and  produces  a  sudden  shock  both  on  entering 
the  column  and  on  leaving  it. 

2.  On  plunging  squarely  into  the  column;  thus  suddenly  increasing 
the  angle  of  attack,  the  pressure  on  the  wings,  and  the  angle  of 
ascent. 

3.  On  abruptly  emerging  from  the  column;  thereby  causing  a 
sudden  decrease  in  the  angle  of  attack  and  also  abruptly  losing  the 
supporting  force  of  the  rising  mass  of  air. 

That  flying  with  one  wing  in  the  column  and  the  other  out  must 
interfere  with  lateral  stability  and  possibly  cause  a  fall  as  though  a 
hole  hod  been  encountered,  is  obvious,  but  the  efifects  of  plunging 
squarely  into  or  out  of  the  column  require  a  little  further  considera- 
tion. 

Let  an  aeroplane  that  ia  flying  horizontally  pass  from  quiescent  air 
squarely  into  a  rising  column.    The  front  of  the  machine  will  bo 
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lifted,  as  it  enters  the  column,  a  little  faster  than  the  rear,  and  the 
angle  of  attack,  that  is,  the  angle  at  which  the  wing  is  inclined  to  the 
horizoUt  will  be  slightly  increased.  This,  together  with  the  rising  air, 
will  rapidly  carry  the  machine  to  higher  levels,  which,  of  itself,  is  not 
important.  If,  however,  the  angle  of  attack  is  so  changed  by  the 
pilot  as  to  keep  the  machine,  while  in  the  rising  column,  at  a  constant 
level,  and  if,  with  this  new  adjustm^it,  the  rising  column  is  abruptly 
left,  a  rapid  descent  must  begin — the  h^  hole  is  met.  But  even  this 
is  not  necessarily  harmful.  Probably  the  real  danger  under  such 
circumstances  arises  from  over  adfutimenta  by  the  aeronaut  in  his 
hasty  attempt  to  correct  for  the  abrupt  changes.  Such  an  adjust- 
ment m%ht  well  cause  a  fall  so  sudden  as  strongly  to  suggest  an  actual 
hole  in  the  air. 

Rising  columns  of  the  nature  just  described  occur  most  frequently 
during  clear  summer  days  and  over  barren  ground.  Isolated  hills, 
especially  short  or  conical  ones,  should  be  avoided  during  warm  still 
days,  for  on  such  occasions  their  sides  are  certain  to  be  warmer  than 
the  adjacent  atmosphere  at  the  same  level,  and  hence  to  act  like  so 
many  chimneys  in  producing  updrafts.  Rising  air  columns  occur 
less  frequfflitly  and  are  less  vigorous  over  water  and  over  level  green 
vegetation  than  elsewhere.  They  are  also  less  frequent  during  the 
early  forenoon  than  in  the  hotter  portion  of  the  day,  and  practically 
absent  before  sunrise  and  at  such  times  as  the  sky  is  wholly  covraed 
with  clouds. 

AERIAL  CATABAOTS. 

There  are  two  kinds  of  aerial  cataracts,  the  free-air  cataract  and  the 
surface  cataract.  The  former  is  the  counterpart  of  the  aerial  foun- 
tain and  is  most  likely  to  occur  at  the  same  time.  It  is  seldom  rapid 
save  in  cminection  with  thunderstorms,  and  such  effect  as  it  may 
have  is  exactly  similar  to,  but  in  the  opposite  direction  from,  that  oi 
the  rising  column. 

The  second  or  surface  cataract  is  caused  by  the  flow  of  a  dense  or, 
what  comes  to  the  same  thing,  a  heavily  laden  surface  layer  of  air 
up  to  and  then  over  a  precipice,  much  as  a  waterfall  is  formed.  Such 
cataracts  are  most  frequent  among  the  barren  mountains  of  high 
latitudes  where  the  surface  winds  catch  up  and  become  wei^ted 
with  great  quantities  of  dry  snow  and,  because  of  this  extra  weight, 
often  rush  down  the  lee  sides  of  steep  mountains  with  the  roar  and 
the  force  of  a  hurricane. 

But  the  violence  of  such  winds  clearly  is  all  on  the  lee  aide  and  of 
shallow  depth,  and  therefore  where  such  conditions  prevail  the  aero- 
naut should  keep  well  above  the  drifting  snow  or  other  aerial  ballast, 
and,  if  possible,  strictly  avoid  any  attempt  tp  land  within  the  cataract 
itaeK. 
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FiQ.  1.— Regular  Cloud  Wavesi  Winds  Parallel 

(Part  ot  Plate  I.) 


Fio.  2. -Irregular  Cloud  Waves;  Winds  Crosswise. 
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F»Q.  1.— Wind  Gusts;  Pbessobe-Tube  Record, 

Aberdeen.    Change)  during  a  gale.    Dr.  W.  H,  8haw. 


Fig.  2.— Wind  Eddies, 
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AEBIAL  CASCADES. 

The  term  "aerial  cascade"  may,  with  some  propriety,  be  applied 
to  the  wmd  as,  following  somewhat  closely  the  BUrface  contour,  it 
sweeps  down  to  the  lee  of  a  hill  or  mountain.  Ordinarily  it  does  not 
come  very  near  to  the  ground,  where  indeeed  there  frequently  is  a 
counter  current,  but  remains  at  a  considerable  elevation.  Other 
things  being  equal,  it  is  always  most  pronounced  when  the  wind  is  at 
right  angles  to  the  direction  of  the  ri(^  and  when  the  mountain  is 
rather  h^h  and  steep.  The  swift  downward  sweep  of  the  air  when 
the  wind  is  strong  may  carry  the  aeroplane  with  it  and  lead  obBervers, 
if  not  the  pilot,  to  fancy  that  another  hole  has  been  encountered, 
where,  of  course]  there  is  nothing  of  the  kind.  Indeed,  such  cascades 
should  be  entirely  harmless  so  long  as  the  aeronaut  keeps  his  machine 
well  above  the  surface  and  therefore  out  of  the  treadierous  eddies, 
presently  to  be  discussed. 

WIND   LAYERS. 

It  is  a  common  thing  to  see  two  or  more  layers  of  clouds  moving  in 
different  directions  and  at  different  velocities.  Judgment  of  both 
the  actual  and  the  relative  velocities  of  the  doud  layers  may  be  badly 
in  error — tlie  lower  seems  to  be  moving  faster,  and  the  higher  slower, 
than  is  actually  the  case.  Accurate  measurements,  however,  are 
possible  and  have  often  been  made. 

These  differences  in  direction  and  velocity  of  the  winds  are  not 
confined  to  cloud  layers,  nor  even  to  <Joudy  weatiier,  as  both  pilot 
and  manned  balloons  have  often  shown.  Occasionally  balloons  float 
for  long  intervals  with  a  wind  in  the  ba^et,  showing  that  the  top 
and  the  bottom  of  the  balloon  are  in  currents  of  different  velocities. 
Another  evidence  of  wind  layers  moving  with  different  velocities  is 
the  waves  or  billows  so  often  seen  in  a  cloud  layer. 

A  beautiful  example  of  the  long,  regular  cloud  waves  produced  by 
winds  that  have  the  same  direction  but  different  velocities  is  shown 
in  figure  1,  plate  2,  while  figure  2,  plate  2,  shows  an  equally  good 
example  of  irr^^ar  or  choppy  waves  produced  by  currents  that  are 
more  or  leas  crossed.  Both  kinds  of  waves  may,  and  in  fact  often  do, 
exist  in  close  proximity  to  each  other.  Thus,  for  instance,  the  accom- 
panying figures  on  plate  2  are,  indeed,  from  ad j  acent  portions  of  but  a 
single  negative,  plate  1,  taken  by  Prof.  A.  J.  Henry,  of  the  United 
States  Weather  Bureau,  and  kindly  lent  for  these  illustrations. 

It  WBs  explained  by  Helmholtz  as  far  back  as  1889  that  layers  of 
air  differing  in  density  are  of  frequent  occurrence,  and  t^at  they  glide, 
sharply  divided  and  with  but  little  interminglii^,  the  one  over  another, 
in  much  the  same  manner  that  air  flows  over  water,  and  with  the 
B&me  general  wave-producing  effect.  These  air  waves  are  "seen" 
86360°— SM 1912 18  C   OOt.*lc 
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only  when  the  humidity  at  the  interface  is  such  that  the  slight  differ- 
ence in  temperature  between  the  crests  and  the  troughs  is  sufficient 
to  keep  the  one  cloud-capped  and  the  other  free  from  condensation. 
In  short,  the  humidity  condition  must  be  Just  right,  and  therefore, 
though  such  clouds  are  often  seen,  air  billows  must  be  of  far  more 
frequent  occurrence. 

Consider  now  the  effect  on  an  aeroplane  as  it  passes  from  one  such 
layer  into  another.  For  the  sake  of  illustration  let  the  case  be  an 
extreme  one.  Let  the  propeUer  be  at  rest  and  the  machine  be  making 
a  straightaway  glide  to  earth,  and  let  it  suddenly  pass  into  a  lower 
layer  of  air  moving  in  the  same  horizontal  direction  as  the  machuie 
and  with  the  same  velocity.  Thb,  of  course,  is  an  extreme  case,  but 
it  is  by  no  means  an  impossible  one.  Instantly  on  entering  the  lower 
layer,  under  the  conditions  just  described,  all  dynamical  support  must 

)  cease,  and  with  it  all  power  of  guidance.  A  ffJl,for  at  least  a  consid- 
erable distance,  is  absolutely  inevitable,  and  a  disastrous  one  highly 
probable.  To  all  intents  and  purposes  a  hole,  a  perfect  vacuum,  has 
been  run  into. 

The  reason  for  the  fall  will  be  understood  when  it  is  recalled 
that,  for  all  ordinary  velocities,  wind  pressure  is  very  nearly  propor- 
tional to  the  square  of  the  velocity  of  the  wind  with  respect  to  the 
thing  against  which  it  is  pressing.  Hence,  for  a  given  inclination  of 
the  wii^,  the  lift  on  an  aeroplane  is  approximately  proportional  to 
the  square  of  the  velocity  of  the  machine  with  reference,  not  to  the 
ground,  but  to  the  air  in  which  it  happens  to  be  at  the  instant  under 
consideration.  If  then  it  glides,  with  propellers  at  rest,  into  air  that 
is  moving  in  the  same  horizontal  direction  and  with  the  same  velocity, 
it  is  in  exactly  the  condition  it  would  be  if  dropped  from  the  top  of  a 
monument  in  still  air.  It  must  inevitably  fall  to  ruin,  unless,  indeed, 
rare  skill  in  balancing,  or,  possibly,  mere  chance  should  bring  about  a 
new  glide  after  additional  velocity  had  been  acquired  as  the  result  of  a 
considerable  fall.  Warping  of  wings,  turning  of  ailerons,  dipping  and 
twisting  of  rudders,  and  all  the  other  devices  of  thb  nature  would  be 
utterly  useless  at  first,  totally  without  effect  so  long  as  wind  and 
machine  have  the  same  velocity,  for,  as  already  explained,  there 
would  be  no  pressure  on  them  in  any  position,  and  consequently 
nothing  that  could  be  done  with  them  would  at  first  have  any  effect 
on  the  behavior  of  the  machine.  However,  as  stated  above,  a  skillful 
pilot  may  secure  a  new  ^de  with  a  properly  constructed  machine,  and, 
finally,  ff  high  eaough,  make  a  safe  landing. 

Of  course,  such  an  extreme  case  must  be  of  rare  occurrence,  but 
cases  less  €octreme  are  met  with  frequently.  On  passing  into  a  cur- 
rent where  the  velocity  of  the  wind  is  more  nearly  that  of  the  aero- 
plane, and  in  the  same  direction,  more  or  less  of  the  supporting  force 
is  Instantly  lost,  and  a  corresponding  drop  or  dive  becomes  at  once 
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inevitable.  Ordinarily,  however,  this  is  a  matter  of  small  conse- 
quence, for  the  new  speed  necessary  to  support  the  machine  is  soon 
acquired,  especially  if  the  engine  is  in  full  operation.  Occasionally, 
though,  the  loss  in  support  may  be  lai^e  and  occur  but  a  short  dis- 
tance above  the  ground,  and  therefore  be  distinctly  dangerous. 

If  the  new  wind  layer  is  against  and  not  with  the  machine,  an 
increase  instead  of  a  decrease  in  the  sustaining  force  is  the  result, 
and  but  little  occurs  beyond  a  mere  change  in  the  horizontal  speed 
with  reference  to  the  ground,  and  a  slowing  up  of  the  rate  of  descent. 

All  the  above  discussion  of  the  effect  of  wind  layers  on  aeroplanes 
is  on  the  assumption  that  they  flow  in  parallel  directions.  Ordi- 
narily, however,  they  flow  more  or  less  across  each  other,  as  indicated 
by  figure  2,  and  therefore,  as  a  rule,  the  aeronaut  on  passing  out  of 
one  of  them  into  the  other  has  to  contend  with  more  than  a  discon- 
certingly abrupt  change  in  the  supporting  force.  That  is  to  say,  on 
crossing  the  interface  between  wind  sheets,  in  addition  to  suSering 
a  partial  loss  of  support,  he  usually  has  to  contend  with  the  turmoil 
of  a  choppy  aerial  sea,  in  which  his  equilibrium  is  by  no  means 
secure — in  which  "holes"  seem  to  abound  everywhere. 

Wind  sheets,  within  ordinary  Sying  levels,  are  most  frequent  dur^ 
ing  weather  changes,  especially  as  fine  weather  is  giving  way  to 
stormy.  This,  then,  is  a  time  to  be  on  one's  guard  against  the  most 
dangerous  of  all  "holes  in  the  air,"  even  to  the  extent  of  makii^  test 
soundings  for  them  with  small  pilot  b&Uoons.  It  is  also  well  to  avoid 
making  great  changes  in  altitude,  since  wind  sheets,  of  whatevOT 
intensity,  remain  roughly  parallel  to  the  surface  of  the  earth,  and  the 
greater  the  change  in  altitude  the  greater  the  risk  of  running  into  a 
treacherous  "hole."  Also,  lest  there  might  be  a  wind  sheet  near  the 
surface,  and  for  oth^  good  reasons,  landings  should  be  made,  if 
possible,  squarely  in  the  face  of  the  surface  wind. 

WIND    BILLOWS. 

It  was  stated  above  that  when  one  layer  of  air  runs  over  another 
of  different  density  billows  are  set  up  between  them,  as  illustrated 
by  the  cloud  pictures.  Of  course,  as  already  explained,  the  warning 
clouds  are  comparatively  seldom  present,  and  therefore  even  the  cau- 
tious aeronaut  may,  with  no  evidence  of  danger  before  him,  take 
the  very  level  of  the  billows  themselves,  and  before  getting  safely 
above  or  below  them  encounter  one  or  more  sudden  chaises  in  wind 
velocity  and  direction  due,  in  part,  to  the  eddy-like  or  rolling  motion 
within  the  billows,  with  chances  in  each  case  of  being  suddenly  de- 
prived of  a  lai^  portion  of  the  requisite  sustaining  force— of  encoim- 
terii^  a  "hole  in  the  ur."  There  may  be  perfect  safety  in  either 
layer,  but,  unless  headed  just  right,  there  necessarily  is  some  risk  in 
going  from  <Hie  to  the  other,  and  therefore,  since  flying  at  the  billow 
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.  level  would  necessitate  frequent  transitions  of  this  dangerous  nature, 
it  ehouM  be  strictly  avoided. 

WIND  GU8T8. 

Near  the  surface  of  the  earth  the  wind  is  always  in  a  turmoil, 
owing  to  friction  and  to  obstacles  of  all  kinds  that  interfere  with  the 
free  flow  of  the  lower  layers  of  the  atmosphere  and  thereby  allow  the 
next  higher  layers  to  plunge  forward  in  irregular  fits,  swirla,  and  gusts, 
with  all  sorts  of  irregular  velocities  and  in  every  which  direction. 
Indeed,  the  actual  velocity  of  the  wind  near  the  surface  of  the  earth 
often  and  abruptly  varies  from  second  to  second  by  more  than  the 
full  average  value,  and  the  greater  the  average  velocity,  the  greater, 
in  approximately  the  same  ratio,  are  the  irregularities  or  differences 
in  the  successive  momentary  velocities,  as  is  well  shown  by  pressure 
tube  traces,  of  which  plate  3,  %ure  I ,  copied  from  Reporta  and  Memo- 
randa, No.  9  (1909),  of  the  British  Advisory  Conunittee  for  Aero- 
nautics, is  a  fine  example. 

Clearly  in  such  wind,  if  at  all  violent,  the  support  to  an  aeroplane 
will  be  correspondingly  erratic  and  vary  between  such  wide  limits 
that  the  aeronaut  will  find  himself  in  a  veritable  nest  of  "holes"  out 
of  which  it  is  difficult  to  rise  and  dangerous  to  try.  However,  as  the 
turmoil  due  to  horizontal  winds  rapidly  decreases  with  increase  of 
elevation,  and  as  the  aeronaut's  safety  depends  upon  steady  condi- 
tions, or  upon  the  velocity  of  his  machine  with  reference  to  the  atmos- 
phwe  and  not  with  reference  to  the  ground,  it  is  obvious  that  the 
windier  it  is  the  highw  in  general  he  should  fly. 

WIND  EDDIES. 

Eddies  and  whirls  exist  in  every  stream  of  water,  from  tiny  riUs  to 
the  great  rivers  and  even  the  ocean  currents,  wherever  the  banks  are 
such  as  greatly  to  change  the  direction  of  flow  and  wherever  there  is  a 
pocket  of  considerable  depth  and  extent  on  either  side.  Similar 
eddiee,  but  with  horizontal  instead  of  vertical  axes,  occur  at  the  bot- 
toms of  streams  where  they  flow  over  ledges  that  produce  abrupt 
changes  in  the  levels  of  the  beds. 

The  inertia  of  the  stream  of  water,  its  tendency  to  keep  on  in  the 
direction  it  is  actually  moving  and  with  unchanged  velocity,  together 
with  its  viscosity,  necessitate  these  whirls  with  which  nearly  all  are 
familiar.  Similarly,  and  for  the  same  general  reasons,  horizontal 
eddies  occur  in  the  atmosphere,  and  the  stronger  the  wind  the  more 
rapid  the  rotation  of  the  eddy.  They  are  most  pronounced  on  the 
lee  sides  of  cuts,  cliffs,  and  steep  mountains,  but  occur  also,  to  a  lees 
extent,  on  the  windward  sides  of  such  places.  In  other  words  the 
general  distribution  and  direction  of  the  wind  currents  on  the  sides 
ci  and  above  lai^  obstructions  are  somewhat  as  schematically 
represented  in  plate  3,  figure  2. 


HOLBS  IN  THE  AIB — HUMPHBEYS.  266 

The  air  at  the  top  and  bottom  of  these  whirls  ia  moving  in  dia- 
metrically opposite  directions,  at  the  top  with  the  wind,  at  the  bot- 
tom against  it,  and  since  they  are  close  to  the  earth  they  may  therefore, 
as  e^cplained  tinder  "wind  layers,"  be  the  source  of  decided  danger 
to  aeronauts.  There  may  be  danger  also  at  the  forward  side  of  the 
eddy  where  the  downward  motion  is  greatest. 

When  the  wind  is  blowing  strongly  landings  should  not  be  made,  if 
at  all  avoidable,  on  the  lee  sides  of  and  close  to  steep  mountains,  hills, 
bluffs,  or  even  large  buildings;  for  these  are  the  favorite  haunts,  as 
just  explained,  of  treacherous  "holes  in  the-air."  The  whirl  is  best 
avoided  by  landing  in  an  open  place  some  distance  from  bluffs  and 
large  obstructions,  or,  if  the  obstruction  is  a  hill,  on  the  top  of  the  hill  ' 
itself.  If,  however,  a  landing  to  one  side  is  necessary  and  the  aero- 
naut has  choice  of  sides,  he  should,  other  things  being  equal,  take  the 
windward  and  not  the  lee  side.  Finally,  if  a  landing  close  to  the  lee 
side  is  compulsory  he  should,  if  possible,  head  along  the  hill,  and  not 
toward  or  from  it ;  along  the  axis  of  the  eddy  and  not  across  it.  Such 
a  landing  would  be  safe,  unless  made  in  the  down  draft,  since  it 
would  keep  the  machine  in  winds  of  nearly  constant  (zero)  velocity 
with  reference  to  its  direction,  whatever  the  side  drift,  provided  the. 
hill  was  of  uniform  height  and  slope  and  free  from  irregularities. 
But  as  hills  seldom  fulfill  these  conditions  lee  side  landings  of  all 
kinds  should  be  avoided. 

AEBIAL  TOBBKNT8. 

Just  as  water  torrents  are  due  to  dr^age  down  steep  Blopes,so,  too, 
aerial  torrents  owe  their  ori^  to  drainage  down  steep  narrow  valleys. 
Wbenever  the  surface  of  the  earth  begins  to  cool  through  radiation  or 
otherwise  the  air  in  contact  with  it  becomes  correspondingly  chilled 
and,  because  of  its  increased  density,  flows  away  to  the  lowest  level. 
Hence  of  clear  still  nights  there  is  certain  to  be  air  drain^e  down 
almost  any  steep  valley.  When  several  such  valleys  run  into  a  com- 
mon one,  like  so  many  tributaries  to  a  river,  and  especially  when  the 
upper  reaches  contain  snow  and  the  whole  section  is  devoid  of  forest, 
the  aerial  river  is  likely  to  become  torrential  in  nature  along  the 
lower  reaches  of  the  drainage  channel. 

A  flying  machine  attempting  to  land  in  the  mouth  of  such  a  valley 
after  the  air  drainage  is  well  begun  is  in  danger  of  going  from  rela- 
tively quiet  air  into  an  atmosphere  that  is  moving  with  considerable 
velocity — at  times  amounting  almost  to  a  gale.  If  one  must  land  at 
such  a  place  he  should  head  up  the  valley  so  as  to  face  the  wind.  If 
he  heads  down  the  valley  and  therefore  runs  with  the  wind  he  will, 
on  passing  into  the  swift  air,  lose  his  support,  or  much  of  it,  for  rea- 
sons already  explained,  and  fall  as  thoi^  he  had  suddenly  gotten 
into  an  actual '  'hole  in  the  air." 
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AEBIAL  BBEAKEB8. 

The  term  "aerial  breakers"  is  used  here  in  analogy  with  water 
breakers  as  a  general  name  for  the  rolling,  dashing  and  choppy  winds 
that  accompany  thunderstorm  conditions.  They  often  are  of  such 
violence,  up,  down,  and  sideways  in  any  and  every  direction  that  an 
aeroplane  in  their  grasp  is  likely  to  have  as  uncontrolled  and  disas- 
trous a  landing  as  would  bo  the  case  in  an  actual  hole  of  the  worst  kind. 

Fortunately  aerial  breakers  usually  give  abundant  and  noisy 
warnings,  and  hence  the  cautioiis  aeronaut  need  seldom  be,  and,  as  a 
matter  of  fact  seldom  is  caught  in  so  dangerous  a  situation.  How- 
ever, more  than  one  disaster  is  attributable  to  just  such  winds  as 
these — to  aerial  breakers. 

CIA88IFI0ATI0N. 

The  above  nine  types  of  atmospheric  conditions  may  conveniently 
be  divided  into  two  groups  with  respect  to  the  method  by  which  they 
force  an  aeroplane  to  drop. 

1.  The  vertical  grdup. — All  those  conditions  of  the  atmosphere, 
such  as  aerial  fountains,  cataracts,  cascades,  breakers,  and  eddies 
(forward  side) ,  that,  in  spite  of  full  speed  ahead  with  reference  to  the 
air,  make  it  difficult  or  impossible  for  an  aeronaut  to  maintain  his 
level,  belong  to  a  common  class  and  depend  for  their  effect  upon  a 
vertical  component,  up  or  down,  in  the  motion  of  the  atmosphere 
itself.  Whenever  the  aeronaut,  without  change  of  the  angle  of  attack 
and  with  a  full  wind  in  his  face,  finds  his  machine  rapidly  sinking,  he 
may  be  sure  that  he  has  run  into  some  sort  of  a  down  current.  Ordi- 
narily, however,  assuming  that  he  is  not  in  the  grasp  of  storm  break- 
ers, this  condition,  bad  as  it  may  seem,  is  of  but  little  danger,  TTxe 
wind  can  not  blow  into  the  ground  and  therefore  any  down  current, 
however  vigorous,  must  somewhere  become  a  horizontal  current,  in 
which  the  aeronaut  may  sail  away  or  land  as  he  chooses. 

2.  Th£  horizontal  group. — This  group  includes  all  those  atmos- 
pheric conditions— wind  layers,  billows,  eddies  (central  portion), 
torrents  and  the  like — that,  in  spite  of  full  speed  ahead  with  refer- 
ence to  the  ground,  abruptly  deprive  an  aeroplane  of  a  portion  at 
least  of  its  dynamical  support.  When  this  loss  of  support,  due  to 
a  running  of  the  wind  more  or  less  with  the  machine,  is  small  and  the 
elevation  sufficient  there  is  but  little  danger,  but,  on  the  other  hand, 
when  the  loss  is  relatively  large,  especially  if  near  the  ground,  the 
chance  of  a  fall  is  correspondingly  great. 

CONCLUSIONS, 

1.  Holes  in  the  air,  in  the  sense  of  vacuous  regions,  do  not  exist. 

2.  Conditions  in  the  atmosphere  favorable  to  precipitous  falls, 
such  as  .would  happen  in  holes,  do  exist,  as  follows: 
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(a)  vBBTicAi.  oaorr. 

1.  Aerial  JountaiTU. — Upnishes  of  air,  most  numerous  during  warm 
clear  weather  and  over  barren  soil,  especially  above  conical  bills,  are 
disconcerting  and  dangerous  to  the  novice,  but  do  not  greatly  disturb 
an  experienced  aviator. 

2.  Aerial  cataracts. — Downnishes  of  the  free  air,  like  the  upnishes 
with  which  they  are  associated  in  a  vertical  circtUation,  though  less 
violent,  must  also  be  most  frequent  duiing  warm  weather  when  the 
ground  is  strongly  heated.  They,  too,  however  annoying  to  the 
beginner,  should  not  be  dangerous  to  the  experienced  man,  because 
even  when  strong  enough  to  carry  the  machine  down  for  a  distance 
their  descent  necessarily  becomes  slower  and  their  chief  velocity 
horizontal  before  the  surface  is  reached.  Downrushes  of  weighted 
air  over  precipices,  analogous  to  waterfalls,  must  be  strictly  avoided. 

3.  Aerial  cascades. — The  lower  wind,  in  following  as  it  must  surface 
contours,  sweeps  down  to  the  leeward  of  hills  and  mountains  in 
cascade-like  falls,  and  the  stronger  the  wind  the  more  rapid  the 
cascades.  But  they  are  of  no  danger  to  the  aeronaut  so  long  as  he 
takes  the  precaution  to  keep  above  the  eddies  and  other  surface 
disturbances. 

4.  Aerial  breakers. — ^The  choppy,  breaker-like  winds  of  thunder- 
storms  that  surge  up  and  down  and  in  all  sorts  of  directions  are  as 
much  to  be  avoided  by  aerial  craft  as  are  ocean  breakers  by  water 
craft.  Hence  a  flight  should  positively  not  be  attempted  under 
any  such  circumstances. 

5.  Wind  eddies  [forward  side). — The  air  on  the  forward  side  of  a 
strong  eddy  has  a  rapid  downward  motion  and  therefore  should  be 
avoided.  If  caught  in  the  down  current  of  an  eddy  the  aeronaut 
should  head  lengthwise  of  the  hill  or  mountain  to  which  the  eddy  is 
due.  By  heading  away  from  the  mountain  he  might,  to  be  sure, 
get  entirely  out  of  the  whirl,  but  the  chances  are  just  as  great  that 
instead  of  getting  out  he  would  only  get  the  deeper  in  and  thus 
encotmter  downward  currents  swifter  and  still  more  dangerous  than 
those  he  had  sought  to  shun. 

(6)  HOBIZONTAL   OBOPPS. 

1.  Wind  layers. — The  atmosphere  is  often  made  up  of  two  or  more 
superimposed  layers  moving  each  with  its  own  velocity  and  direction. 
Such  a  condition  is  a  source  of  danger  to  the  aeronaut  because  transi- 
tion from  one  of  these  layers  to  another  more  nearly  coincident  in 
direction  and  velocity  with  his  aeroplane  is  certain  to  result  in  at 
least  a  sudden  decrease  in  the  magnitude  of  its  supporting  pressure 
and  in  the  effectiveness  of  the  balancing  devices.  Under  certain 
extreme  conditions  this  transition,  even  when  the  winds  are  parallel, 
is  well  nigh  inevitably  disastrous.    When  the  layers  move  more  or 
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less  across  each  other,  aa  they  usually  do,  the  turmoil  of  the  lesult* 
ing  short  and  choppy  billows,  by  reDderiog  equilibrium  difficult,  add 
an  additional  danger  all  their  own. 

Dangerous  wind  layers  are  most  frequent  at  flying  levels  during 
the  transition  of  fair  to  foul  weather. 

S.  Wind  hiBows. — Wind  waves  analogous  to  water  waves  are  set 
up  at  the  interface  between  two  layers  that  are  moving  with  different 
velocities.  If  both  layers  are  moving  in  the  same  direction,  the  result- 
ing waves  are  long  and  regular;  if  in  different  directions,  thej  are 
short  and  choppy.  Therefore,  other  things  being  equal,  it  obviously 
is  advisable  to  keep  within  the  lower  layer,  or  at  least  to  get  away 
from  the  billowy  interface,  either  above  or  below,  and  to  avoid  cross- 
ing it  oftener  than  is  absolutely  necessary. 

3.  WiTid  gusts. — ^The  horizontal  velocity  of  the  wind  near  the 
surface  of  the  earth  is  exceedingly  irr^ular  and  fluctuates  from 
second  to.  second  at  times  by  as  much  as  the  whole  of  the  average 
velocity.  In  such  a  wind,  if  at  all  swift,  the  support  to  an  aero- 
plane is  exceedingly  erratic  and  both  its  launching  and  ita  landing 
full  of  danger. 

Obviously,  too,  the  stronger  the  wind  the  higher,  because  of  these 
surface  disturbances,  one  ^ould  fly,  if  at  all. 

4.  Wind  eddies  {central  portion). — ^Eddies,  or  horizontal  rolls  in  the 
atmosphere,  are  found  on  both  the  windward  and  lee  sides,  especially 
the  latter,  of  cliffs  and  steep  hills  and  mountains.  When  the  wind 
is  strong  a  landing  should  not  be  attempted  in  any  such  place.  If 
forced  to  land  in  a  place  of  this  kind,  the  machine  should  be  headed 
along  and  not  at  right  angles  to  the  direction  of  the  bill. 

5.  Aerial  torrents. — Steep  barren  .valleys,  especially  of  clear  still 
nights  and  when  the  upper  reaches  are  snow  covered,  are  the  beds  of 
aerial  drainage  rivers  that  at  times  amount  to  veritable  torrents. 
Therefore,  however  quiet  the  upper  atmosphere  and  however  smooth 
its  sailing,  it  would  be  extremely  dangerous  to  attempt  to  land  an 
aeroplane  at  such  a  place  and  such  a  time. 


All  the  above  sources  of  danger,  whether  near  the  surface  Uke 
the  breakers,  the  torrente,  and  the  eddies,  or  well  up  like  the  billows 
and  the  wind  sheets,  are  less  and  less  effective  as  the  speed  of  the 
aeroplane  is  increased.  But  this  does  not  mean  that  the  swiftest 
machine  necessarily  is  the  safest;  there  are  numerous  other  factors 
to  be  considered,  and  the  problem  of  minimum  danger  or  maximum 
safety,  if  the  aeronaut  insists,  can  only  be  solved  by  a  proper  com- 
bination of  theory  and  practice,  of  sound  reasoning  and  intelligent 
experimentation. 
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TTie  domain  of  applied  mechanics  is  great.  The  number  of  pub- 
licationB  deyoted  to  it,  in  Europe  as  well  as  in  America,  fonna  an 
immense  bibliography.  I  can  not  analyze  here  even  briefly  this 
mass  of  material.  I  shall  limit  myself,  as  in  fonner  years  (1903, 
1905,  and  1909),  to  describing  a  few  of  the  most  interesting  results. 

I.  STEAM  APPARATUS. 

■  Leprince-Ringuet  published  in  the  Revue  de  M6canique  (1911)  a 
research  upon  the  transmission  of  heat  between  a  fluid  in  movement 
and  a  metallic  surface.  After  examining  various  theories  and  experi- 
ments upon  the  subject  he  found  that  when  a  gas  flows  through  a 
tube  the  quantity  of  heat  transmitted  per  hour  per  square  meter 
can  be  given  by  the  expression  B{CVp)*,  where  B  is  the  coeflicient 
of  transmission,  varying  inversely  as  the  0.13  power  of  the  length 
of  the  tube;  C  is  a  coefficient  increasing  proportionately  with  the 
temperature;  V  the  velocity  of  the  gas  in  meters;  p  the  weight  of  a 
cubic  meter  of  the  gas  in  kilograms;  and  n  is  an  exponent  which 
depends  upon  the  relation  of  the  cross  section  to  Uie  perimeter. 
For  a  circular  tube  of  the  diameter  ^  it  is  practically 
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The  coefficients  B  and  C  vary  only  slightly  from  one  liquid  to  another. 

The  author  concludes  that  the  exchange  of  heat  can  be  consider- 
ably increased  by  increasing  the  flow,  the  eddies,  and  the  ratio  of  the 
perimeter  to  the  cross  section.  It  is  also  advantageous,  whenever 
possible,  to  promote  the  condensation  upon  the  metallic  surfaces. 

Bone  developed  the  idea  of  applying  to  the  heating  of  steam 
boilers  a  process  su^ested  by  an  old  invention  of  Lude,  which  con- 
sisted in  injecting  through  a  contrivance  formed  of  porous  surfaces 
iTmnlUxl  bypomlBlaQ  from  Renw  g«ii£i^  ds  fidencea  sua  et  vpUqufSj  Pull,  Inlr  30,  ISl^ 
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or  mass  of  refractory  fragmeats  a  mixture  of  air  and  gas  in  tlie  pro- 
portion to  assure  perfect  combustion  and  which  must  be  discharged 
fast  enough  to  prevent  the  flame  "striking  back."  The  gas  is  ignited 
ta  it  flows  out  of  this  contrivance. 

In  the  ordinary  Bone  heater,  based  upon  this  principle,  the  ordi- 
nary boiler  tubes  are  replaced  with  ones  filled  with  pebbles.  The 
combustion  takes  placo  within  the  first  150  millimeters  of  the  tubes 
and  the  burnt  gases  raise  the  pebbles  to  incandescence.  The 
experiments  made,  at  Yorkshire  gave  encouraging  results.  The 
osperimental  heater  proved  very  active  and  easy  to  regulate. 

I  wrote  at  considerable  length  in  the  Beview  for  1909  on  the  sub- 
ject of  superheaters.  The  idea  of  superiieating  steam  in  order  to 
avoid  harmful  condensations  appears  to  have  originated  with  a 
mechanician  of  Strasbui^  named  Becker,  who  in  1827  obtained 
a  patent  for  that  purpose,  and  it  is  rather  remarkable  that  since 
then  it  has  been  in  Alsace,  where  the  practical  realization  of  super- 
heating has  taken  place.  It  was  at  Logelbach  that  Him,  in  hia 
famous  experiments,  made  with  two  engines  of  more  than  100 
horsepower,  showed  that  economies  of  more  than  20  to  25  per  cent 
could  be  obtained  by  superheatii^  less  than  100".  Schwoerer,  for 
a  long  while  secretary  to  Him,  has  continued  the  researches  of  his 
former  master  and  triumphed  over  the  difGculties  which  retarded 
the  practical  application  of  superheating.  In  1904  he  announced  at 
the  Soci^td  d'Encouragement  pour  I'lndustrie  nationale  that  during 
the  last  10  years  bo  had  built  more  than  5,000  superheatctrs  of  his 
design  and  still  continued  with  .the  same  success.  Schwoerer's 
apparatus  consists  of  a  set  of  very  thick,  straight  tubes,  about  3 
meters  long,  with  exterior  transverse  tluckenings  and  longitudinal 
interior  ribs,  assembled  in  a  semicircular  frame.  Its  weight  is  about 
300  kilograms  per  meter.  The  device  is  sometimes  used  horizontally, 
sometimes  vertically.  The  great  mass  of  metal  serves  as  a  reservoir 
of  heat. 

Davane,  in  a  memoir  published  in  the  Bulletin  du  Congr^  inter- 
national des  Chemios  de  fer  (1909),  told  of  the  employment  of 
superheating  in  locomotives  and  gave  many  interesting  data.  The 
following  are  a  few  of  his  conclusions:  The  economy  is  inappreciable 
for  a  superheating  of  30°  to  40°.  The  temperature  of  the  superheated 
vapor  must  not  bo  raised  above  350°. .  Under  such  conditions 
economies  reaching  from  20  to  22  per  cent  may  be  obtained.  The 
saw-tooth  profile  of  the  roads  (that  is,  frequent  chuiges  from  up  to 
down  grade),  the  many  and  prolonged  stops  at  stations,  are  very 
rnifavorable  to  the  use  of  superheating  on  locomotives.  The  increase 
of  power  is  obtained  only  on  certain  lines.  The  great  superheating 
necessitates  the  proper  protection  of  the  cylinders  and  the  distributing 
system  as  well  as  special  lubrication  with  oils  suitably  chosen. 
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The  ^view  of  1905  mentioned  the  mstallation  in  Algeria  of 
Robert  locomotivea,  where,  in  place  of  the  ordmary  tubes  plunged 
in  water  and  through  which  the  flames  pass,  the  water  passed  throi^h 
tubes  plunged  in  the  flames.  This  type  of  locomotive  boUer  seems 
Bspeoially  suited  for  service  where  water  of  bad  quality  must  be  used 
or  with  very  high  pressures.  The  Compagnie  du  Nord  sent  to  the 
exposition  at  Brussels  a  locomotive  with  water  tubes  of  the  type 
called  "Atlantic,"  rated  at  IS  kilograms;  they  noted  that  in  order  to 
have  a  good  water  circulation  it  was  necessary  to  have  considerably 
greater  vaporization  per  square  meter  of  surface  than  with  ordinary 
locomotives. 

Steam  turbines,  of  which  I  spoke  in  detail  in  the  ld03  and  1909 
Reviews,  receive  more  and  more  extended  applications.  The  North 
British  Locomotive  Co.,  of  Ola^ow,  has  constructed  a  turbine  loco- 
motive. The  turbine  used  is  of  the  "impulsion"  type;  that  is,  it 
receives  the  steam  after  complete  detentions.  This  turbine,  with 
3,000  revolutions  per  minute,  drives  a  continuous-current  dynamo 
which  m  turn  controls  four  dynamos  mounted  upon  the  driving 
axles.  The  escaping  vapor  passes  to  an  ejector  condenser  and  is 
returned  to  the  heater  by  a  feed  pump.  Since  turbines  do  not  require 
the  lubrication  of  a  piston  engine,  the  steam  is  not  mixed  with  oil. 
On  the  other  hand,  the  suppression  of  the  exhaust  into  free  air  makes 
some  other  recourse  necessary  for  utilizing  the  full  motive  power  of 
the  steam.  A  ventilator  is  used.  The  locomotive  is  carried  upon 
two  drivers,  each  driven  by  two  of  the  dynamos.  The  trials  seem 
to  have  been  very  satisfactory.  The  electric  control  assures  the 
desired  flexibility  in  speed  and  makes  reversal  possible.  I  stated 
in  1909  that  Navor  had  proposed  an  analogous  solution  for  the  use 
of  marine  turbines. 

Another  turbine  locomotive  was  made  at  Milan.  In  this  engine 
the  distributor  reduces  the  pressure  of  the  steam  from  that  of  the 
boiler  to  that  of  the  envelope  of  the  turbine.  The  latter  has  four 
groups  of  paddles  working  in  turn.  When  great  speed  is  necessary 
the  steam  propels  only  the  first  group  of  blades,  at  reduced  speed, 
the  several  groups.  In  order  to  change  speed  the  number  of  blades 
may  be  doubled  by  reversing  their  curvature.  This  locomotive  has 
a  heater  of  65  square  meters  surface  and  was  rated  at  9  kilograms 
and  furnished  100  horsepower.  It  was  only  an  experimental  loco- 
motive. The  advantages  shown  from  these  experiments  were : 
The  possibility  of  very  great  speeds,  economy  in  lubrication,  the 
suppression  of  oscillations,  better  utilization  of  the  fuel,  reduction 
of  the  upkeep  expense,  and  faciHty  of  management  and  reversal. 

The  development  of  marine  turbines  continues.  Without  restating 
what  I  have  given  in  previous  papers,  I  would  add  that  Yarrow 
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profited  by  the  substitution  of  turbines  for  piston  engines  in  the 
construction  of  marine  en^es  provided  vitli  superheating.  The 
use  of  superheating  is  here  made  possible  by  the  suppression  of  the 
lubricating  oil  which,  when  mixed  with  the  steam,  after  paaaing 
through  the  boiler  is  apt  to  decompose  in  the  superheater  and  cause 
trouble.  Freoautioos  are  necessary  that  the  superheater  is  not 
bumed  up  when  its  supply  of  steam  decreases  too  much  or  ceases. 
To  avoid  this,  Yarrow  provided  a  way  of  diverting  by  a  damper  more 
or  leas  of  the  hot  gas  from  the  Gre.  This  damper  is  cooled  by  a  current 
of  air  passing  constantly  between  its  faces  to  prevent  their  deforma- 
tion. An  economy  of  10  to  12  per  cent  was  thus  obtained  with  a 
superheating  of  50°  to  65°. 

The  celebrated  electrician,  Teela,  has  invented  a  steam  turbine 
which  seems  to  possess  the  greatest  posEdble  simpUcity.  It  consiata 
of  a  series  of  di^  fastened  to  the  same  shaft  and  inclosed  within  a 
common  casing.  The  steam,  admitted  tangentially  into  the  casing, 
after  describing  spirals  in  contact  with  each  of  the  disks,  escapes 
through  a  central  opening.  The  friction  thus  produced  suffices  to  give 
a  very  rapid  rotation.  With  disks  457  miUimeters  in  diameter  and 
25  in  number  and  steam  at  9  Idlo^ums,  experiments  made  at  New 
York  developed  a  speed  of  9,000  turns  per  minute  and  a  horsepowa* 
of  200.  The  steam  consumption,  as  might  have  been  expected,  was 
unfortunately  very  great.  It  reached  17  kilograms  of  steam  per 
horsepower.  The  inventor  hopes  to  get  greater  economy  through 
the  use  of  condensation.  But  it  is  doubtful  whether  the  driving  of 
the  disks  by  friction  of  the  steam,  which  is  the  main  point  of  this 
invention,  will  ever  give  good  results  as  to  steam  consumption.  His 
system  has  the  advantage  of  allowing  easy  reversal.  Two  jets,  enter- 
ing in  opposite  directions,  are  all  that  is  necessary,  employing  one  for 
the  forward,  the  other  for  backward  motion. 

An  attempt  was  made  with  the  same  turbine  to  use  gas  burning 
under  pressure  after  having  been  mixed  with  sufficient  water  to  render 
the  temperature  harmlees.    The  results  were  not  stated. 

11.  GAS  AND  PETROLEUM  ENGINES. 

The  gas  engine,  despite  the  conveniences  in  its  use,  did  not  reach  its 
full  development  the  day  that  cheaper  gases  were  substituted  for  the 
more  expensive  illuminating  gas. 

The  most  common  process  of  producing  this  cheaper  gas  consists  in 
.  passing  a  current  of  air  over  a  column  of  the  combustible,  raised  to  a 
red  heat  over  some  70  centimeters;  the  combustible  part  of  the  gaa 
thus  obtained  is  on  oxide  of  carbon.  In  place  of  dry  air,  moist  air  is 
often  injected.  The  water  dissociates,  fumisbing  hydrogen  which 
combines  with  the  carbon  and  oxygen,  while  the  water  at  the  same 
time  lowers  the  temperature  of  the  apparatus.    This  gas  producer  is 
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fed  with  poor  coal  or  coke.  Reeults  may  thus  be  obtained  not  exceed- 
ing 400  grams  of  coal  per  effective  horeepower.  For  realizing  the 
importance  of  this  result,  it  is  sufficient  to  recall  that  with  a  compound 
steam  engine  and  coal  with  10  per  cent  ash,  capable  of  giving  7,200 
caloiiee  per  kilogram  the  consumption  exceeds  600  ^ams  and  often 
reaches  1  kilogram. 

It  ie  desirable  to  be  able  to  feed  the  gas  producer  with  any  kind  of 
coal  whatever.  The  employment  of  groaay  coals  is  rendered  diffi- 
cult by  the  formation  of  tars  which,  when  the  combustion  is  not  com- 
plete, tend  to  obstruct  the  distributing  system.  Further,  greasy  car- 
bon, in  order  to  feed  regularly,  requires  constant  stoking  which  in  turn 
disturbs  the  working  of  tbe  motor;  Letombe  succeeded  in  over- 
coming these  difficulties.  He  observed  that,  in  order  to  keep  the  coal 
feeding  properly  in  the  gas  producer,  it  was  only  necessary  to  start  the 
combustion  of  the  volatile  product  at  the  very  moment  of  its  distilla- 
tion. Bis  gas  producer  is  overfed,  having  at  its  upper  part  a  stepped 
grate  by  which  the  air  necessary  for  the  combustion  is  introduced. 

The  greasy  coals  are  in  general  too  costly  for  the  production  of  cheap 
gas.  It  would  be  better  to  use  those  combustibles  of  copious  ash 
which  can  not  be  employed  in  other  ways.  The  principal  difficulty 
tiien  is  to  overcome  the  resistance  offered  to  the  flow  of  the  air. 
Kerpley  made  for  that  purpose  a  high-pressure  gas  producer  (400  to 
700  millimeters  of  water)  the  rotating  grating  of  which  is  perforated 
with  a  great  number  of  holes  distributed  over  itc  whole  surface. 

There  has  just  been  put  into  service  at  the  German  steel  works  at 
Bruckhausen,  a  blower  driven  by  probably  the  most  powerful  gas 
engine  in  existence.  This  engine  is  a  four-cycle  motor,  with  two 
c^inders  in  tandem  and  of  1.40  meters  stroke.  The  diameter  of  the 
gas  cylinders  is  1.20  meters,  of  the  vent  cylinders,  1.90  meters. 

For  a  long  time  gas  engines  were  worked  by  valves.  Such  engines 
are  now  in  competition  with  those  using  cylindrical  slides  or  cocks. 
Tlie  great  speeds  accentuated  the  well-known  faults  of  the  valves  due 
to  the  ndsy  shocks,  the  hammering,  the  difficulty  of  adjustment,  the 
stratification  of  the  gas,  etc.  The  Mercedes  and  Renault  motors  use 
turning  cocks.  The  Knight  motor,  which  has  attained  such  success 
since  ita  appearance,  uses  a  distribution  made  by  two  concentric 
sheaths  placed  within  the  interior  of  tbe  cylinder  and  worked  by 
eccentrics.  The  stratification  is  small  because  of  the  care  taken  in 
giving  the  parts  the  necessary  dimensions.  Fear  might  be  enter- 
tained over  difficulties  in  lubricating  and  chilling.  But  experience 
shows  that  these  difficulties  are  easily  overcome.  Oil,  constantly 
renovated,  does  not  lose  its  fluidity.  The  doing  away  with  the  valves 
allows  a  very  simple  shape  for  the  explosion  chamber,  the  surface  of 
which  may  thus  be  very  much  reduced,  and  to  this  Knight  attributes 
the  great  flexibility  of  his  motor.    The  reduction  of  surface  exposed 
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to  cooling  allowB  the  gas  to  conserve  ite  heat  at  the  moment  of  the 
explosion  and,  further,  the  absence  of  nooks  assm-es  a  perfect  removal 
of  the  burnt  gas.  It  should  be  noted  that  the  concentric  sheaths  of 
the  Knight  motor  require  very  accurate  working,  which  makes  the 
construction  delicate  and  raises  the  cost  of  repairs. 

Gas  motors  ore  not  to  be  recommended  for  use  on  vessels  because  of 
the  danger  of  the  formation  of  explosive  gas  mixtures  in  badly  venti- 
lated engine  rooms.  This  objection  does  not  apply  to  the  Diesel 
motor,  mentioned  in  the  Review  for  1903.  This  motor  is  of  interest  for 
war  ships  because  of  the  suppression  of  smoke,  the  reduction  of  per- 
sonnel, as  well  as  ite  augmented  scope  of  action,  which  is  some  three 
times  as  great  as  with  the  ordinary  st«am  engine. 

XfCt  me  restate  that  the  principle  of  the  Diesel  motor  is  to  mject  pro- 
gressively the  combustible  liquid  by  means  of  a  pump  into  air  com- 
pressed to  30  atmospheres.  Because  of  the  high  temperature  due  to 
the  compression,  the  mixture  spontaneously  ignites,  so  that  there  is 
no  need  of  an  igniter.  This  motor  can  use  petroleum  residues  useless 
for  all  other  motors.  Official  teste  made  on  submarines  provided  with 
Diesel  motors  have  shown  thermal  efficiencies  reaching  32.5  per  cent 
for  a  horsepower  of  75  and  42  per  cent  for  horsepowers  of  396,  whereas 
the  best  triple-expansion  steam  en^ee  seldom  surpass  13  per  cent. 

The  Mabon  Sulzer  has  recently  constructed  a  locomotive  of  1,000 
horsepower  driven  by  a  4-(ylinder  Diesel  motor. 

Among  the  motors  for  aviation  the  king  of  the  day  is  undoubtedly 
the  Gnome.  This  is  a  two-center  rotatii^  motor.  The  cylinders, 
odd  in  number,  turn  about  one  of  these  centers  while  the  pistons  turn 
about  the  other.  The  line  of  centers  plays  the  part  of  a  unique  crank 
which  remaiDs  fixed.  This  arrangement  does  away  with  all  the  vaiy- 
ing  forces  due  to  the  inertia  which  are  inevitable  with  motors  using 
fixed  cylinders,  and  thus  assures  a  very  satisfactory  equihbrium. 

On  the  other  hand,  the  rapid  rotation  of  all  the  cylinders  produces 
an  energetic  ventilation  and  thus  at  the  same  time  solves  the  problem 
of  cooUng  them.  That  result  is  obtained,  it  is  true,  through  an 
increased  power  consumption  for  this  stirring  of  the  air,  which  may 
amount  to  10  per  cent  of  the  total  power  developed.  We  may  add 
that  tlus  rotation  intimately  mixes  the  combustible  with  the  neces- 
sary air,  makes  the  cylinders  fill  very  uniformly,  circumstances  very 
favorable  to  a  r^ularity  of  the  explosions. 

Rotating  motors  have  the  objection  that  the  oil  is  thrown  against 
the  bases  of  the  cylinders  and  toward  the  valves.  They  are  ako  veiy 
costly  because  of  the  especial  care  necessary  in  tneir  construction  and 
their  rapid  wearing  out.  A  rotating  motor  while  working  escapes 
proper  surveillance.  The  gyroscopic  effects  resulting  from  the 
rapid  rotation  of  the  motor  and  possibly  disturbing  in  the  maneuver- 
ing of  the  aeroplane  do  not  seem  to  have  troubled  the  aviaton. 
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I  have  stated  that  the  number  of  cylindera  of  the  Onome  motor  is 
odd.  The  same  statement  is  true  of  many  motors  in  use  for  aviation, 
and  we  may  well  ask  why.  The  reply  is  given  through  the  formula 
which  I  had  the  occasion  to  prove,  and  which  may  be  stated  as  follows : 
n=  K  (n  +  p— 2)  where  n  is  the  number  of  cylinders,  K,  the  number 
of  cranks,  and  p  the  order  in  which  the  sparking  occurs ;  that  is  after 
having  sparked  the  first  cylinder,  then  the  one  of  rank,  p  +  1,  is 
spartced,  then  2  p  +  1,  and  so  on  until  the  £ist  one  is  reached  again. 
In  order  that  all  the  cylinders  may  be  sparked  in  turn  it  is  necessary 
and  sufficient  that  p  is.  prime  with  n.  That  granted,  it  fotlows  that, 
if  one  crank  is  employed  in  order  to  simplify  and  make  the  motor  as 
light  as  possible,  Ic  must  equal  1  and  when  p  =  2,  n  must  be  odd- 
Ill.  RAILROADS. 

The  developrnfint  of  our  industries  requires  the  use  every  day  of 
more  and  more  powerful  locomotives.  Since  the  gauge  is  fixed,  and 
so  prevents  an  increase  in  their  width,  any  increase  has  to  occur  in 
their  length.  When  we  pass  a  certain  limit  precautions  are  neces- 
saty  for  permitting  their  passage  around  curves.  'This  has  led  to  the 
construction  of  long  articulated  locomotives  of  the  Mallet  type.  Tie 
driving  mechanism  is  here  distributed  between  two  trucks,  the  rear 
one  of  which  only  is  rigid  with  the  boiler.  The  fore  truck,  movable 
with  respect  to  the  rear  one,  carries  the  low-pressure  cylindra^  which 
rec^ve  and  discharge  the  steam  through  flexible  tubes. 

The  Americans  have  gone  yet  further.  The  excessive  length  of  the 
new  boilers  renders  their  management  difficult,  so  that  they  divide  it 
into  two  parts  bolted  together.  The  two  parts  may  then  be  separated 
at  t^  workshop  for  inspection  and  repair.  Then  they  have  recog- 
nized the  advantage  of  making  the  joint  flexible  in  order  to  diminish 
in  going  around  curves  the  overhanging  of  the  ends  of  the  engine 
beyond  the  tracks.  They  thus  obtain  without  an  increase  of  crew  a 
fiecdbiUty  equal  to  that  of  coupled  locomotives.  With  engines  thus 
coupled  there  are  hauled  between  Chicago  and  the  Pacific  coast 
freight  trains  canying  the  enormous  loads  of  2,200  tons.  The 
results  have  been  excellent  and  it  is  only  a  matter  of  extending  the 
process  or,  what  accompUshes  the  same  purpose,  of  making  new 
engines  by  coupling  together  older  ones. 

In  order  to  incresse  the  traction,  the  Americans  have  transformed 
in  turn  the  tender  into  a  kind  of  an  auxiliary  engine  provided  with  two 
cylinders  connected  by  flexible  tubes  for  furnishing  the  low-pressure 
steam  coming  from  tJie  locomotive.  There  is  thus  obtained  almost 
a  rolling  monufaotory  provided  with  12  axle  motors,  S  of  which  are 
under  ^b&  locomotive  and  4  under  the  tender.  Thnre  are  besides 
trucks  at  the  front  end  of  the  locomotive  fmd  under  the  rear  end  of 
the  tender.  May  I  ask  how  one  en^eer  and  one  fireman  can  be 
sufficient  to  control  the  boiler  of  such  an  engine  t 
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De  Valbreuze  published  in  1911  in  the  Bulletin  de  la  Soci£t£  d'En- 
couragement  sn  intereBting  study  on  the  use  of  electricity  on  railroads. 
The  following  are  a  few  of  his  conclusions:  The  principal  advantages 
reeulting  from  the  use  of  electric  traction  rest  in  the  Buppreasion  of 
emoke,  the  increasing  of  the  capacity  of  the  terminal  station  due  to 
the  simplification  of  the  maneuvering  of  the  trains,  and  the  possi- 
bility of  the  use  of  steep  grades  so  that  more  than  one  story  may  be 
utilized  at  the  station,  the  rapidity  of  starting,  the  multiplication  of 
trains,  and,  finally,  the  possibility  of  communicating  from  an  exterio* 
source  of  eneigy  as  great  an  amount  of  power  as  may  be  desired. 
Along  with  these  technical  advantages  there  are  several  economic 
ones  which  result  in  Himmiflhing  the  expenses  of  operation.  Electric 
locomotives  have  a  smaller  dead-weight  than  those  using  steam. 
The  power  house  for  electricity  uses  steam  en^ee  of  the  highest 
efficifoicy  and  fuel  imsuited  for  ordinary  locomotives.  The  mainte- 
nance and  repair  of  dectric  locomotives  requires  leas  time,  and  there 
consequently  results  a  greater  annual  mile^e  for  them. 

The  choice  of  the  electrical  method  is  a  very  complex  problem, 
demanding  in  each  case  a  cu«ful  study,  since  no  general  rules  can  be 
formulated.  The  proximity  to  a  fall  of  water  frequently  determines 
the  adoption  of  ^ectricity.  From  a  military  point  of  view  this 
method  of  traction  poaeeaeee  great  disadvantages;  the  necessary 
connection  between  the  electric  train  and  the  power  house  constitutes 
in  the  case  of  mobilization  or  of  war  a  very  serious  inconvenience. 

Formerly  railroad  companies  used  for  the  transportation  of  freight 
only  cars  of  from  5  to  7  tons  capacity.  After  18S5  cars  of  10  tons 
came  into  use;  in  1879  of  15  tons;  and  in  1895  of  20  tons.  In  order 
to  go  farther  it  became  necessary  to  increase  the  number  of  axles,  for 
the  European  tracks  could  not  support  more  than  12  tons  per  axle. 
Accordingly,  cars  of  40  or  even  60  tons  were  made,  supported  by 
two  small  trucks,  each  having  two  paira  of  wheels. 

This  increase  of  capacity  has  the  advantage  that  the  ratio  of  dead- 
we^t  to  that  of  the  carried  load  is  reduced.  For  instance,  the  tare 
of  a  car  having  a  carrying  capacity  of  40  tons  need  not  exceed  15 
tons,  whereas  fonoeriy  cars  for  loads  of  S  to  7  tons  had  a  tare  of  S  tons. 
In  order  to  lighten  the  cars  further  it  became  necassaiy  to  give  up 
the  use  of  wood  and  iron  in  their  construction.  The  solution  of  the 
difficulty  was  found  in  the  use  of  ^eet  sted,  which  is  easily  ad^)table 
to  the  des^Ds  euggasted. 

These  great  cars  have  another  advantage  in  tiiat  they  reduce, 
other  things  being  equal,  the  length  of  the  trains.  Such  a  reduction 
may  amount  even  to  45  per  cent.  This  augments  the  amount  of 
traffic  possible  at  the  station  where,  for  the  same  lengtii  of  platform, 
about  twice  as  much  freight  may  be  handled.    At  the  same  time  the 
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jn&neuTeaiBg  becomes  simpler  beoansfi  of  the  deduced  mnaber  of 
couplings. 

Henry,  who  atated  these  facts  m  1911  b^oro  the  Soci^  d'Encour^ 
agement,  is  of  the  opinion  that  we  may  expect  further  derelopmenfc 
and  use  of  theae  cam  of  great  capacity.  I&wever,  the  Hmall  cars  will 
always  preserve  their  utility  for  lighter  traffic,  the  great  caiB  being 
reserved  for  the  heavier. 

The  employmmt  of  the  air  brake  has  become  general  with  passen- 
ger trainSj  although  in  Europe  it  haa  not  yet  been  extended  to  freight 
trains.  Such  an  extension  is,  however,  vwy  deeiral^e  even  for  the 
security  of  the  passenger  traioa,  since  the  numb«:  of  collisions  between 
freight  and  passenger  trains  occurs  because  the  former  have  not 
sufhciently  powerful  means  of  stopping.  The  air  braking  oi  freight 
trains  will  cost  very  considerably,  but,  as  I  stated  in  1909,  it  is  more  a 
technical  difficulty  which  retards  their  use.  Experience  shows  that 
with  the  very  long  Ireight  trains  the  change  of  pressure  produced  by 
the  engineer  at  the  front  end  ot  the  compressed  air  system  requires  a 
considerable  lapse  of  time  before  it  is  felt  at  the  other  end,  and  during 
that  period  the  couplings,  which  ai*  generally  made  rather  loose  in 
freight  trains,  because  of  the  frequent  changes  required  in  their 
make-up,  receive  violent  shocks,  frequently  breaking  them.  SaboU' 
ret,  the  eliief  engineer  of  the  Compagnie  d'Orleans,  proposed  for  the 
overcoming  of  this  difficulty  a  very  simple  and  ingenious  contrivance: 
At  the  moment  when  the  engineer  manipulates  the  valve  of  the  ur 
brake  the  three  following  effects  are  produced;  First,  the  tender  and 
the  four  first  cars  are  immediately  braked;  Second,  the  engine  is 
braked  prc^;re68tvely;  and  third,  the  rest  of  the  train  is  braked  with 
a  retard  of  10  seconds,  sufficing  for  the  cars,  because  of  their  acquired 
velocity,  to  compress  all  the  couplings  by  poshing  forward.  Experi- 
ments have  shown  that,  under  such  conditions,  the  braking  works 
satisfactorily.  The  application  of  the  process  in  the  Compagnie 
d'Orieans  would  cost  7  to  8  millions  ot  francs. 

While  waiting  for  the  provision  of  air  brakes  to  freight  trains,  it 
is  indispensable  to  at  least  employ  sure  and  powerful  hand  brakes. 
For  this  purpose  the  Mestre  brake  should  be  mentioned.  It  last  year 
received  the  gold  medal  of  the  Soci£t6  d'Encoursgement.  In  the 
Mestre  brake,  by  a  very  simple  starter,  &  strong  spring  causes  the 
rapid  approach  of  the  brake  shoes,  the  final  clamping  being  obtained 
by  a  device  analogous  to  that  of  a  hand  jack.  Tim  brake  has  beest 
successfully  tried  in  the  eastern  section  of  France. 

The  ruptures  of  the  couplings  to  which  I  have  made  aUusion  are 
one  of  the  plagues  of  the  railroad  worid.  The  procedure  which 
naturally  occurs  first  for  reducing  them  is  to  reenforoe  all  the  dimen- 
sions, and  such  in  a  measure  haa  beMi  done,  as  the  increase  of  loads 
85360°— sii  1912 19 
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has  BO  required.  But  experience  shows  that  this  pallistiTe  is  not 
sufScient.  Fremont  showed,  bj  direct  e:]q>eriments,  that  it  is  well 
to  use  buffer  springB  strong  enough,  by  their  compression,  to  reduce 
the  active  force  of  the  shocks  whatever  may  be  their  intensity.  It 
seems  that  this  necessity  has  not  always  been  sufficiently  taken  mto 
account. 

Fremont  has  further  been  occupied  concerning  the  ruptures  which 
frequently  occur  at  the  esxd  of  a  certain  period  in  the  bent  crank 
shafts  of  locomotives,  often  putting  such  shafts  out  of  service  and 
even  causing  serious  accidents.  He  saw  that  such  flaws  result 
especially  from  shocks  received  perpendicular  to  their  motion,  and 
proposed,  consequently,  to  increase  the  elasticity  of  such  shaits  by 
hollowing  out  certain  portions  (the  plates  connecting  the  bodies  of 
the  shafts  with  the  bearings  of  the  rods).  Such  a  modiflcation  was 
introduced  into  the  eastern  section  of  France,  with  so  far  very 
encouraging  results. 

IV.  AERODYNAMICS. 

The  pn^rees  of  aerodynamics  has  been  intimately  associated  with 
Ox&t  of  the  perfecting  of  the  motors  as  well  as  with  the  increase  of 
knowledge  as  to  the  action  of  air  upon  surfaces  in  movement. 
I  have  already  spoken  of  the  motors.  As  to  the  dynamics  of  the  air, 
considered  with  regard  to  aviation,  we  nuiy  distinguish  between  the 
theoretical  and  experimental  results.  Am<»ig  the  former  there  is 
the  important  study  of  Soreau  on  the  propellor,  of  which  he  spoke  at 
a  conference  last  year  of  the  Soci£t£  des  Ing^nieuis  civila.  Soreau 
remarked  that  there  are  two  schools  devoted  to  the  theory  of  the 
screw.  One  considers  the  elements  of  the  screw  itself,  without  taking 
into  account  the  movements  of  the  fluid  molecules;  the  other  school, 
better  comprehending  the  flow  of  liquids,  finally  reached  an  avowal 
of  their  powerlessness  and  became  strengthened  in  that  avowal  as  the 
study  of  the  physical  phenomena  showed  increasing  complexity. 
Soreau  says  that,  after  having  sided  with  the  latter  school  at  first, 
he  now  believes  that  it  is  possible  to  analyze  the  action  of  the  blades 
of  the  screw,  with  the  double  reservation  that  the  action  takes  place 
in  a  limited  space  and  that  we  be  content  with  approximate  laws. 
These  laws  lead  to  foimuhe  no  longer  wholly  empirical,  because,  as 
thus  developed,  they  show  the  parts  played  by  the  various  dimen- 
sions, indicating  their  order  of  magnitude  and  relative  influence. 
Starting  thence,  the  author  has  commenced  to  analyze,  guided  by 
preconceived  ideas,  the  better  e^erimente  on  the  subject  and  hopes 
to  get  some  general  results.  For  some  time  anal<^us  ideas  have 
guided  the  naval  engineer  Doydre  in  the  study  of  marine  screws,  tor 
which  investigations  the  Acad^ie  dee  Sciences,  in  1911,  bestowed  a 
part  of  Uie  VaiUant  prize. 
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On  the  experbaental  side,  we  must  mention  the  beautiful  researches 
undertakui  by  Eiffel  in  the  laboratory  he  has  built  near  the  Champ 
de  Mats.  It  has  just  been  removed  to  Auteuil.  The  essential  part 
is  a  room  traversed  by  an  air  current,  2  meters  in  diameter,  provided 
by  a  centrifugal  blower.  The  velocity  of  the  air  may  be  made  as 
^eai  as  32  met^s  per  second,  or  115  kilometers  per  hour.  There  is 
at  one  side  anoth«r  blower  which  furnishes  air,  with  a  section  1  meter 
in  diameter,  but  of  which  the  velocity  may  be  raised  up  to  144  kilo- 
meters per  hour.  The  motive  power  is  furnished  by  a  monophase 
cuiToii  from  the  place  at  the  Champs  Elystee  and  previously  trans- 
formed into  a  direct  current. 

Eiffel's  laboratory  therefore  usee  tiie  so-called  tunnel  method. 
De  Guiche  uses  in  his  experiments  an  entirely  different  method, 
studying  the  action  of  the  air  upon  surfaces  of  various  form  carried 
by  an  automobile.  We  might  call  the -latter  an  open-air  method. 
At  the  Institut  d'A4rodymunique  of  Saint-Gyr,  established  through 
the  liberality  of  Deutsch  de  la  Meurthe,  an  open-air  method  ia  also 
used,  except  that  the  surfaces  under  ^tudy  ore  carried  on  a  wagon 
moved  electrically  along  a  track  1,400  meters  long.  A  third  method, 
which  may  be  called  that  of  a  race  course,  is  used  at  Saint-Cyr  in 
order  to  be  able  to  work  when  the  atmosphere  without  is  not  suffi- 
ciently calm.  The  diameter  of  the  coume  has  been  made  3S  meters 
so  as  to  diminish  as  much  as  possible  the  influence  of  its  curvature. 

There  are  other  aerodynamical  laboratories  in  other  countries, 
notably  in  Italy  and  in  Russia.  But  whatever  may  be  the  scientific 
intoest  in  the  experiments  carried  on  in  any  laboratories,  the  con- 
clusions which  we  may  draw  from  them,  when  applied  to  aviation, 
muet  always  be  subject  to  certain  reserrationa  when  applied  to 
practical  aviation.  Li  order  to  know  exactly  what  happens  on  an 
aeroplane,  the  measuring  apparatus  must  be  installed  upon  the 
aeroplane  itadf  in  full  flight.  Le^and  and  Qaudart  Have  already 
made  some  experiments  in  that  manner.  It  is  desirable  that  their 
example  be  followed. 

Before  leaving  the  domain  of  aviation,  which  will  yet  require  long 
development,  I  wish  to  say  a  word  about  Doutre's  contrivance  for 
stability.  This  is  designed,  according  to  the  inventor,  to  produce 
automatically  the  necessary  changes  for  effecting  the  longitudinal 
stability  of  an  aeroplane.  The  principle  is  as  simple  as  it  is  ingenious. 
A  screen  running  upon  guides  in  the  direction  of  flight  receives  per- 
pendicularly tiie  force  of  the  wind.  To  this  wing  are  fastened  two 
other  guides  parallel  to  the  first  and  upon  which  a  heavy  mass  moves. 
SuitaUe  springs  keep  the  mass  in  a  determinate  "position.  When  the 
velocity  of  the  aooplane  tends  to  chai^  abruptly,  the  movable 
maae,  because  of  its  inertia,  is  momentarily  displaced  alon"  the  guides. 
On  the  other  hand,  when  the  velocity  experij^ccs  '- 
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tioD  the  pressure  upoa  the  wing  is  of  courm  chaoged,  and  then  again, 
but  for  a  different  reason,  the  movable  mass  undergoes  a  dJBplace- 
ment.  In  both  cases  the  chai^  in  the  position  of  the  mass  is  used 
to  Actuate,  by  means  of  a  compressed-air  auxiliary  motor,  the  ^evn- 
tioa  rudder  of  the  aeroplane. 

The  idea  of  thiis  combining  in  one  apparatus  the  influence  of  an 
acceleration  with  that  of  a  velocity  is  not  bo  new  as  the  inventor 
supposed,  for  the  r^;ulator  of  a  steam  «igine  called  the  "American 
S^iilator"  applies  tihte  same  idea.*  But  the  merit  due  to  Doutre  is 
because  of  his  idea  in  using  the  device  for  the  safety  of  aviation,  and 
I  should  add  that  the  experiments  so  far  made  show  its  feasibility. 
It  remains  to  see  how  it  will  woric  after  longer  and  more  varied  trials. 

Delaporte  is  the  inventor  of  a  contrivance  called  by  him  a  movable 
aero  propeller  and  consisting  of  a  device  carrying  a  motor  and  an 
air  propeller.  It  is  necessary  only  to  install  it  upon  a  boat  in  order 
to  make  the  latter  automobile.  Deli^rte  sees  in  his  invention  the 
solution  of  the  important  problem  of  the  navigation  of  canals.  A 
demonstration  of  the  aero  propeller  was  made  at  Toulouse  September, 
1911.  It  was  found  that  a  flat-bottomed  boat  provided  with  a 
S-horsepower  aero  propeller  could  be  easily  managed  and  would  tow 
up  to  8  boatloads  of  40  people  each. 

V.  CONGRESS  AT  DtTSSELDORF. 

la  1910  there  was  held  at  Dusseldorf  a  Gongrds  de  Mficanique, 
where  a  speciality  was  made  of  the  application  of  mechanics  to  mining 
and  metallurgy.  The  following  are  a  few  abstracts  from  the  pro- 
ceedings of  that  congress: 

Electricity  is  more  and  more  used  in  mines  for  drilling,  for  hoisting, 
for  ventilating  and  exhaust  pumps,  and  for  extracting  machines. 
In  the  metallurgical  laboratory  it  is  frequently  used  for  the  foiges 
and  the  rolling  machines.  It  serves  further  for  the  heating  of  the 
furnaces  and  for  welding.  One  paper  treated-  of  the  ta^msportation 
by  aerial  cables  which  exceed  30  kilometers  in  length. 

Another  memoir  gives  the  history  of  the  devdopment  of  the  blower 
and  compression  in  German  mines.  Blowers  are  now  made  capable 
of  blowing  ia  an  hour  16,000  cubic  meters  of  air  at  a  pressure  of  300 
millimeters  of  water.  The  turbine  compressor,  invented  by  Ratean, 
is  now  widely  distributed.  These  machines  are  often  driven  by  low- 
pressure  turbines  to  which  I  referred  in  the  Review  for  1909  and 
whose  invention  was  also  due  to  Rateau.  The  latter  at  the  Dussel- 
dorf Congress  presented  an  important  communication  upon  the 
present  status  of  low-pressure  turbines.  Their  steam  is  furnished 
by  tax  accumulator  receiving  the  steam  escaping  from  a  certain 
number  of  ordinary  engines.    The  low-pressure  turbine  is  so  built 
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that,  in  case  of  need,  it  may  be  driTea  wiUi  steam  coming  direct 
from  the  boilw.  He  supply  13  automatically  receiTed  in  case  of  a 
deficienoy  from  the  accumulator.  At  Middleaborough  (England) 
the  installation  of  two  low-preaaure  turbines  allowed  the  putting 
out  of  service  of  28  furnaces,  thus  saving  120  tons  of  coal  per  day. 

VI.  MISCELLANEOUS  MATTERS. 

In  the  Keview  for  1909  I  noted  a  device  for  diminisbing  the  n^Iing 
of  Bhips,  based  upon  the  lateral  displacement  of  a  heavy  mass  in  a 
viscous  fluid.  The  stability  producer  of  Frahm  depends  upon  a 
similar  principle.  Two  reeervoirs  of  water  are  placed  symmetricaUy 
up<Hi  the  opposite  sides  of  a  ship  and  communicate  by  a  tube  which 
can  be  closed  at  will.  This  opening  is  controUad,  according  to  the 
oscillation  period  of  the  water  passing  altematfdy  from  one  reservoir 
to  the  other,  so  as  to  control  the  osoillationB  of  the  ship  itself.  Experi- 
ments made  at  Hamburg  showed  that  the  roUing  could  be  reduced 
from  11°  to  2.5°.  I  may  add  that  since  1S83,  Sir  Watts  tried  the 
same  device  upon  the  gunboat  Infitxible,  and  in  France,  in  1885, 
Bertin  proposed  it  for  the  cruiser  Jeanne^d'Arc. 

In  the  Beview  for  1909,  some  mention  was  made  of  speed  gears 
which  have  the  purpose  of  varying  at  will  or  revising  the  speed  of 
rotation  of  a  shi^t  driven  by  another  shaft  which  must  run  at  constant 
speed  and  in  a  constant  direction.  Since  then  a  new  and  very  inter- 
esting solution  has  been  made  by  Williams  and  Janney.  The  trans- 
mission of  the  power  is  hydraulic.  The  driving  shaft  carries  a  crown 
of  cylinders  whose  axes  are  parallel  with  th^  of  the  shaft  and  each 
contains  a  piston  jointed  to  a  rod.  The  end  of  each  piston  rod  is  in 
turn  jointed  to  a  point  of  a  ring  which  can  oscillate  ^out  an  axis  at 
right  angles  to  the  shaft  of  the  motor.  Further,  this  ring  incloses  a 
concentric  plate  which  does  not  partake  of  the  movement  of  the 
shaft  but  may  be  fixed  in  a  position  more  or  lees  inclined  to  that  of 
the  shaft.  It  is  apparent,  then,  that  according  to  the  inclination 
given  to  the  plate  the  travel  of  the  piston  rods  will  be  more  or  less 
great;  it  is  zero  when  the  plate  is  perpendicular  to  the  shaft.  The 
movement  of  the  pistons  is  used  for  pumping  oil,  and  it  is  evident 
that  the  quantity  pumped  at  each  turn  of  the  shaft  depends  on  the 
position  of  the  plate.  Further,  the  driven  shaft  is  provided  with 
similar  devices  except  that  its  plate  is  rigidly  fixed.  The  whole  is 
assembled  and  inclosed  in  a  tight  box.  Its  method  of  working  is  as 
follows:  The  oil  ptUnped  during  t^e  rotation  of  the  driving  shaft  is 
sent  to  the  cylinders  ot  the  drivm  shaft,  causing  tjieir  pistons  to  wo^ 
lite  displacement  of  these  pistons  causes  the  rotation  of  the  driven 
shaft  and  its  velocity  of  rotation  is  proportional  to  the  volume  of  air 
pumped  in  a  unit  of  time;  this  volume  is  varied  by  inclimng  more  or 
less  the  plate  of  the  driving  shaft. 
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This  device  has  already  received  T&rious  apptications,  especially  in 
tiie  working  of  the  turrets  of  gunboats.  An  aiulogous  device  is  found 
in  the  aviation  motor  of  Salmson  which  was  shown  at  the  last  Salon. 
In  this  we  also  find  an  oblique  plate  with  a  shaft  carrying  cylinders 
with  their  axes  parallel  to  that  of  the  shaft  and  of  which  the  pistons, 
by  pressing  gainst  a  plate,  are  obliged  to  take  a  motion  of  rotation. 
But  in  this  c&se,  instead  of  using  oil,  the  presaure  is  produced  by  the 
explosion  of  a  mbcturo  of  air  and  a  volatile  oil,  as  in  all  gas  en^es. 

In  1909  I  stated  the  principle  of  certain  devices,  called  toraiom- 
eters,  which,  as  their  name  indicates,  measure  the  torque  of  the 
shaft  of  a  machine  in  order  to  calculate  the  work  transmitted  by 
th&t  shaft.  'Hie  same  purpose  is  accomplished  by  the  use  of  various 
dynamometers.  The  following  are  two  recent  inventions  whose 
principle  is  interesting : 

In  the  F&rcot  dynamometer  the  driving  shaft  is  connected  to  the 
shaft  of  the  dynamometer  by  means  of  a  ferrule,  threaded  on  ihe 
inside  so  that  it  can  move  parallel  along  the  shaft  whenever  the  two 
shafts  have  different  speeds.  Hie  force  which  tends  to  displace  the 
ferrule  is  proportional  to  the  force  transmitted  from  one  shaft  to  the 
other.  A  suitable  presaure  parallel  to  tiie  shaft  is  applied  to  counter^ 
act  tbis  displacement  and  is  easily  measured  by  a  suitable  balance, 
the  scale  of  which  is  so  graduated  as  to  give  by  direct  readii^  the 
power  on  a  basis  of  1,000  turns  per  minute.  If  the  speed  has  a  dif- 
ferent value  this  reading  must  be  multiplied  by  the  actual  number 
of  revolutions  and  then  divided  by  1,000. 

The  Walton  dynamometer  uses  a  simple  device  susceptible  of  a 
similar  movement  parallel  to  the  driving  shaft.  The  displacement 
is  here  used  to  compress  the  oil  contained  in  a  small  box  and  by 
measuring  this  pressure  the  power  consumed  in  the  transmission  may 
be  determined. 

Emoult  proposes  to  increase  the  efficiency  of  springs  in  a  very 
rational  manner.  He  remarked  that  when  coiled  steel  springs  are 
submitted  to  torsion,  for  springs  of  equal  weight,  those  of  hollow  wire 
worked  better  than  those  of  solid  wire.  Accordii^ly  he  was  led  to 
construct  helical,  tubular  sprii^,  which  for  equal  strength  are  much 
lighter  than  ordinary  sprii^  of  the  same  form.  For  springs  made  of 
superposed  strips,  he  increased  the  resistance  to  bending  by  substi^ 
tuting  for  the  material  of  rectangular  section  that  which  has  a  slight 
transverse  curvature. 

Ct^t.  Laxgier  has  constructed  tax  apparatus  which  he  calls  a  ten< 
siometer,  made  to  indicate  the  tension  of  a  piece  of  wire.  The  device 
consists  in  causing  a  definite  length  of  the  wire,  limited  by  two 
bridges,  to  vibrate  and  then  finds  what  the  length  L  must  be  in  order 
that  the  vibration  may  have  a  certain  definite  pitch.  From  this 
value,  the  well-known  formula  for  vibrating  strings  allows  the  caleo- 
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lafion  of  the  teosiou  per  squ&rs  mUlimeter  of  cross  section,  s  teuaiou 
wUdi  is  proportional  to  L*.  The  inventor  believes  the  device  will 
be  of  important  service  in  aviation.  It  indeed  permits  the  regulatioa 
'  of  the  tension  of  each  wire  of  an  aeroplane  and  further  allows  one  to 
see  how  to  vary  that  tension  in  the  teste  made  in  the  work  shop.  Such 
teste  would  conaiat  in  oyertuming  the  aeroplane  and  scattering  sand 
uniformly  over  the  wings  sufficient  in  amount  to  produce  the  equiv- 
alent wind  pressure  in  flight.  Then  by  means  of  this  tensiomet«r 
each  wire  would  be  tested  and  the  weak  parte  consequently  found. 

The  journal  La  Technique  Modeme  in  1910  opened  an  inquiry  into 
the  fatigue  of  metals.  The  replies  received  to  the  questions  have  not 
always  been  concordant,  but  Chajpy,  after  analyzing  and  discussing 
them,  beUeved  he  could  state  the  following  conclusions:  First,  the 
alteration  in  the  metals  remains  negligeable  until  the  deformation 
passes  a  certain  hmit;  second,  the  cause  of  the  alteration  ia  almost 
always  a  local  and  progressive  condensation  and  hardening.  Con- 
sequently it  is  important  to  so  determine  the  dimensions  of  the  piece 
as  to  avoid  permanent  deformation  at  certain  pointe;  third,  a  close 
examination  of  the  form  and  appearance  of  each  piece  tells  when  it  is 
becoming  bad.  The  quantity  of  metal  must  be  determined  with  care 
for  all  parte  of  the  construction.  It  is  necessary  to  avoid  all  altera- 
tions at  the  moment  of  putting  the  apparatus  into  operation  and  to 
be  sure  that  each  piece  keeps  ite  inte^sl  fonn  so  as  to  prevent  any 
necessary  accidental  and  haphazard  repairs.  The  rigorous  applica- 
tion of  these  rules  will  doubtless  avoid  those  catastrophiea  wlUch  we 
BO  much  deplore. 

Along  the  same  line,  Boudouard  sought  to  see  whether  the  altera^ 
tion  in  metals  could  not  be  revealed  by  the  study  of  the  damping  of 
their  vibratory  movemente.  A  sufficiently  long  vibratory  moT&- 
ment  finally  ruptures  a  piece  of  metal.  Boudouard  found  that  the 
number  of  vibrations  necessaiy  for  rupture  varied  inversely  with  the 
carbon  content  of  steel.  Up  to  the  present,  however,  he  has  not 
succeeded  in  showing  clearly  the  relation  of  the  microscopic  structure 
to  the  damping. 

It  has  been  known  for  a  long  while'  that  a  metal  could  be  easily  cut 
with  a  circular  saw  without  teeth  provided  the  disk  had  a  sufficiently 
rapid  rate  of  rotation.  This  process  has  received  a  new  application 
in  the  Ryerson  Laboratory  at  Chicago.  A  saw  1.32  meters  in  difunr 
eter,  turned  by  a  dynamo  of  a  100  horaepower  at  2,000  turns  per 
minute,  cut  in  two  610  millimeters  of  T  iron.  The  saw,  made  of  steel, 
turned  in  an  envelope  in  the  interior  of  which  the  s&w  was  constantly 
bathed  with  cold  water  and  the  sheaf  of  sparks  was  caught  in  a 
trough  of  water  at  the  side  of  the  machine.  The  cut  metal  seemed  to 
undergo  a  real  fusion  due  to  the  intensity  of  the  heat  developed  from 
the  friction.    The  feeble  heating  of  the  saw  is  explained  by  the  fact 
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that  eacli  c4  its  pointa  remained  in  contact  with  the  cut  piece  ontf  dup- 
ing a  Teiy  short  time  and  during  the  rest  of  the  rotation  was  either  in 
the  air  or  in  a  copious  water  bath. 

VII.  THE  SCIENTIFIC  ORGANIZATION  OF  THE  WORKSHOP. 

Under  the  title,  "TTie  principles  of  the  scientific  organization  of 
work  Hho[B,"  the  American  engineer,  Taylor,  the  well-known  inventor 
of  the  rapid-cutting  steels,  has  published  an  interesting  treatise,  a 
French  translation  of  which  with  a  preface  by  H,  Le  Chatelier, 
member  of  t^e  institute,  has  just  appeared.  Taylor  discusses  the 
means  of  augmenting  the  output  of  workshops  without  increasing 
the  fatigue  of  the  workmen.  He  shows  that  the  product  of  each 
workman  depends  upon  a  great  number  of  independent  factors, 
amounting,  for  example,  in  the  case  of  metal  turning  to  12,  and  that 
the  workman  by  simple  trials  can  not  discover  the  most  advan- 
tageous values  of  these  factors.  "Hie  study  of  the  working  of  metals 
alone  cost  Taylor  1,000,000  francs  ($193,000)  and  25  years  of  expe- 
rience. I^at  was  a  very  complicated  case.  A  much  more  simple 
method  and  one  indicating  the  purpose  of  the  author  is  the  follow- 
ing: In  taking  his  bricks  and  mortar  and  putting  them  in  place,  a 
mason  customarily  makes  five  times  as  many  movements  as  are 
necessary.  By  modifying  the  scafifold  and  freeing  the  mason  from 
unnecessary  steps  in  these  maneuvers  the  product  was  tripled  in 
Philadelphia. 

Belot,  the  state  director  of  manufactures,  is  busy  with  the  system- 
atic organization  of  manufactories.  An  article  by  him  in  I^a 
Technique  Modeme  gives  the  following  principles  which  are  the 
result  of  hia  observations;  First,  the  principle  of  discontinuity. 
Bach  time  there  is  a  discontinnity  in  the  speed  of  the  circulation 
of  ntatter  under  construction  there  will  be  a  diminution  of  the  indus- 
trial output  of  the  machine  or  mechanical  combination  under  con- 
sideration and  that  diminution  will  be  proportional  to  the  variation 
of  speed.  Second,  the  principle  of  best  speed  and  of  the  mean 
maximum  delivery.  In  a  machine  -or  a  work  shop  the  me  and  the 
speed  of  a  mechanical  cycle  used  will  be  determined  by  the  best 
speed  for  the  process  in  use,  and  the  number  of  cycles  will  be  detei^ 
mined  by  the  mean  maximum  delivery  to  be  realized. 

It  is  de8h*able  that  the  attention  of  workshop  foremen  be  brought 
to  questions  of  this  kind,  which  are  of  the  utmost  importance  and 
the  solution  of  iriiioh  should  not  be  left  to  chance 
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Fig.  1.— Sthomboli  from  the  Sea.    Eruption  of  1912. 


Fig.  2.— Mass  of  Plastic  Lava  Fallen  on  a  Rock,  1907. 
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REPORT  ON  THE  RECENT  GREAT  ERUPTION  OF  THE 
VOLCANO  "STROMBOLI." 


By  Fk&nk  a.  Pekrbt,' 
Voieatuilogitt  to  Vit  VoUanie  Bettarch  SocUty  of  SprijigJUld,  Mau. 


[With  S  platea.] 


I  h»Te  the  honor  to  present,  as  you  requested,  the  following  report 
on  the  recent  remorkaUe  Bruptioo  of  StromboU,  and  particulsrly  for 
the  foUowing  reasons: 

1.  "niiB  eruption,  togedier  with  the  laet  one  in  1907,  differs  bo  greatly  from  Uie 
chaEK^tMiBtic  activity  of  StRMoboli  oa  to  mark  a  new  era  in  the  volcano's  eruptive 
habit. 

2.  The  eruption,  although  certainly  the  greatest  in  many  yean  and  imperiling  the 
lives  of  the  5,000  inhabitants  of  the  island,  paaeed  almost  unnoticed  by  the  press. 

3.  The  writer,  as  well  in  1907  as  in  the  present  year,  was  the  only  observer.  The 
Italian  volcanotogists  in  both  cases  visited  the  island  only  after  the  close  trf  tLe 
eruption, 

Stromboli,  at  the  northeast  extremity  of  the  Lipari  group  of 
islands,  north  of  Sicily,  appears  as  a  small  volcanic  cone  rising  but 
92S  meters  (3,033  feet)  above  the  sea.  It  should  be  remembered, 
however,  that  what  is  seen  is  but  the  summit  of  a  submarine  moun- 
tain of  great  size  and  height.  Its  general  form  is  shown  in  plate  1, 
figure  1,  the  principal  characteristics  being  a  divided  and  crested 
summit,  an  eccentric  crater  situated  nearly  200  meters  below  the 
summit,  a  steep  slope  (35°)  descending  directly  from  the  crater  to 
the  sea  (the  so-ealled  "Sciarra  del  Fuoco"),  and  two  plateaus  on 
opposite  sides  of  the  island  from  the  crater  which  form  the  inhabited 
and  only  habitable  points. 

He  crater  is  thus  invisible  to  the  inhabitants  and,  while  ths 
undoubtedly  contributes  to  their  security  and  tranquillity,  it  is  often, 
nevertheless,  the  cause  of  their  ignorance  of  the  volcano's  condition 
especially  as  regards  the  preparatory  symptoms  of  an  eruption.  The 
old  semaphore  station  on  Funta  Labronzo  was  well  placed  for  obser- 
vation but  was  abandoned  after  the  Calabrian  earthquake  of  1905, 
by  which  it  was  badly  damaged.  Tlie  new  station  above  the  town 
of  San  "Vincenzo  is  not  in  sight  of  the  crater 
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I>iiriiig  the  present  generation  the  normal  activity  of  this  volcano 
has,  until  the  events  herein  described,  consisted  of  a  moderate  but 
almost  continuous  form  of  eruption  with  jets,  at  frequent  intervals, 
of  incandescent  fragments  of  lava  yielding  an  illumination  so  regular 
and  brilliant  as  to  have  earned  for  Sti^mboli  the  title  of  "Lighthouse 
of  the  Mediterranean."  There  was  no  crater,  properly  so  called,  but 
a  shallow  depression  where  a  crater  should  have  been — that  is, 
undoubtedly  a  filled-up  former  crater — ^with  a  number  of  small 
eruptive  mouths  generally  arranged  along  the  edge  of  the  depression 
toward  the  Bea.  It  will  be  seen  that  I  do  not  daim  that  the  present 
great  crater,  as  described  below,  is  a  new  thing  in  the  life  of  the 
volcano,  but  that  it  is  new  to  the  present  generation. 

In  the  sprmg  of  1907  the  normal  activity  was  broken  by  an  erup* 
tion  of  great  violence,  which  threw  the  inhahitante  into  a  state  of 
panic.  The  explosions  were  so  sharp  that  the  air  concussion  broke 
nearly  every  window  on  the  island.  The  lava  was  thrown  out  in 
large  masses  so  hot  as  to  retain  its  plasticity  and  be  conformed  to 
the  surface  upon  which  the  mass  fell,  as  shown  in  plate  1,  figure  2. 
The  eruption  lasted  several  weeks  and  produced  a  true  crater  200 
meters  in  diameter,  and  the  eruptive  mouths,  with  no  exception, 
were  sunk  to  the  bottonl  of  this  abyss. 

That  they  still  existed  and  acted  as  separate  mouths  was  proven 
by  the  varied  character  of  the  explosions  and  the  different  time 
intervals.  There  was  also  a  most  interesting  rhjrthmic  change  from 
a  type  of  explosion  with  the  lava  high  in  the  conduit  and  in  free 
contact  with  the  atmosphere,-  when  the  cloud  of  ejected  materials 
consisted  of  incandescent  lava  frf^imeats  (bombs)  and  clear  vapors, 
to  the  opposite  type  of  dense  black  volutes  of  ash  from  the  collapsed 
wall  material  as  the  lava  column  sank  helow  its  former  level.  The 
difference  between  the  two  forms  of  explosion,  known  technically 
as  "Strombolian  and  Vulcanian,"  was  even  more  clearly  defined  in 
the  eruption  of  1912  and  is  clearly  shown  in  plate  2.  A  considerable 
emission  of  ash  having  a  strongly  acid  reaction  ruined  the  grape  -^ 
crop  for  that  year  (1907)  and  the  unfortunate  inhabitants  besou^t 
the  Government,  through  the  local  municipal  delegate,  Signor 
Famularo,  to  send  ships  in  case  it  seemed  necessary  to  abandon  Uie 
island.  A  cruiser,  the  PiemoTUe,  and  several  destroyers  were  sent 
and  it  fell  to  me  to  assume  the  grave  responsibility  of  assuring  Com- 
mander Presbitero  that  the  culimnation  of  the  eruption  was  passed 
and  that,  although  some  minor  revivals  of  activity  were  to  be  expected, 
there  was  no  further  cause  for  alarm.  Upon  the  strength  of  this 
he  received  permission  from  the  Qovemment  to  withdraw  his  ships. 

A  brief  account  of  this  eruption  wag  published  in  the  Bulletin  of 
the  Brooklyn  Institute  of  Arts  and  Sciences.  This  eruption  of  1907 
left,  as  I  have  stated,  a  deep  crater  200  metera  in  diameter  and  was 
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followed  by  a  long  period  of  almost  complete  repose,  this  constituting 
quite  a  radical  change  from  the  foregomg  habit  of  Stromboii  and 
imitating  the  modus  operandi  of  other  volcanoes,  such  as  Vesuvius 
and  Etna.  During  this  period  not  the  least  glimmer  of  light  was 
to  be  seen  at  the  crater  and  when  I  again  visited  the  volcano  in 
1909  it  was  still  in  a.  state  of  quiescence.  In  this  connection  a  fact 
of  general  interest  may  be  mentioned.  Some  years  previous  to  this 
time  a  project  was  on  foot  to  erect  a  lighthouse  upon  "Strombolic- 
chio."  This  is  a  monolith  of  lava  (pi.  3;  fig.  1)  rising  50  meters 
above  the  sea  at  a  short  distance  from  the  island.  In  my  opinion 
it  is  a  volcanic  "neck;"  that  is,  the  solidified  lava  which  existed  in 
the  conduit  of  a  small  volcano  formerly  active  on  this  spot,  the 
cone  of  which,  formed  of  fr^mentary  materials,  has  been  destroyed 
by  centuries  of  weathering,  leaving  the  solid  core  as  a  monument  to 
ita  former  exiatence.  '  A  fli^t  of  steps  was  cut  from  the  sea  level 
to  the  top  and  the  top  itself  was  leveled,  but  the  project  was  a'ban- 
doned,  as  I  am  informed,  preciaely  because  the  illumination  from 
Stromboii  formed  a  better  lighthouse  than  any  which  could  be 
constructed  by  man.  Upon  tJ^e  failure  of  the  volcano  a  light  was 
needed  and  a  lighthouse  is  now  to  be  erected  upon  Strombolicchio. 

The  eruption  of  July-August,  1912,  was,  on  the  whole,  greater 
than  its  predecessor  and  was  initiated  by  a  continuous  series  of 
violent  local  eartliquake  shocks.  These  undoubtedly  were  due  to 
a  conduit  partly  obstructed  by  lava  which  had  consolidated  therein. 
This  was  ejected  in  solidified  form,  as  contradistinguished  from  that 
of  1907,  in  irregular  blocks  of  all  sizes  up  to  two  meters  in  diameter. 
One  of  these,  shown  in  plate  3,  figure  2,  fell  600  meters  distant  from 
the  crater.  The  rock  is  a  compact,  basaltic  lava  containing  a  con- 
siderable proportion  of  olivine. 

Besides  this  rock  the  chief  product  of  this  eruption  was  the  enor- 
iiw>us  quantity  (for  Stromboii)  of  ash.  This  reached  a  depth  of  over 
2  meters  on  the  upper  parts  of  the  mountain,  as  shown  by  the  photo- 
graph (pi.  4)  of  a  stone  shelter  built  near  the  summit  to  shelter 
observers  of  the  target  practice  of  the  fleet.  In  the  towns  the  flat 
roofs  were  covered  to  a  depth  of  6  to  S  centimeters  and,  in  contrast 
to  that  of  1907,  this  ash  was  alkaline  but  no  less  fatal  to  green  vegetSr- 
tion.  As  long  as  the  fallen  ash  remains  dry  it  is  harmless  and  a  heavy 
rain  is  innocuous,  as  it  washes  the  ash  from  the  leaves,  but  if  the  a^ 
on  the  leaf  is  moistened  by  the  dew  or  a  few  drops  of  rain  the  soluble 
materials  are  extracted  and  attack  the  leaf,  generally  affecting  one 
or  more  sectors,  as  shown  in  plate  5. 

From  the  standpoint  of  the  volcanolo^st,  the  most  interesting 
feature  of  this  ash  is  the  fact  that  it  is  constituted  almost  entirely  of 
new  material — i.  e.,  it  was  formed  directly  from  liquid  lava  by  inters 
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molecular  gaseous  expaoaion  and  not  by  the  crushing  of  old  rooks 
Dor  by  tbe  collapse  of  crater  waUs.  This  fomifl  a  stiiidiig  example  of 
the  process  of  ash  making  as  described  in  a  paper  by  the  present 
writer  entitled  "Volcanic  vortex  rings  and  the  direct  formation  of 
ash  from  liquid  lava"  and  which  appears  ia  the  November  issue  of 
the  American  Journal  of  Science.  During  this  eruption  the  expk>- 
^ons,  although  very  powerful,  were  not  sufficiently  sharp  to  [U<oduce 
the  phenomenon  of  the ' '  flashing  arcs ' '  as  observed  by  me  at  Vesuvius 
(1906)  and  Etna  (1910)  and  described  in  the  American  Joumal  of 
Science. 

In  addition  to  the  solid  blocks  and  the  ash,  a  veiy  large  quantity  of 
porous,  vitreous  scorise  or  "lafdlli"  were  ejected.  These  were  of  the 
sajne  material  as  the  ash  and  containing  in  some  cases  iuduaionB  of 
already  formed  crystals  of  angite.  In  falling,  they  were  still  plastic 
to  the  extent  of  conforming  to  the  forked  branches  of  the  Geneata 
plants  and  even  to  be  impair  upon  the  spines  (pi.  6). 

This  eruption  was  very  instructive.  A  careful  study  was  made  of 
the  great  "mushroom  vortices"  (pi.  7,  fig.  1),  by  whose  mechanism 
heavy  rocks  are  carried  to  a  great  height  and  then  thrown  to  a  dis- 
tance by  the  vortex  whirl. 

Some  idea  of  the  crater,  300  meters  in  iliameter,  of  this  eruption 
may  be  had  from  plate  7,  figure  2. 

On  several  occasions,  including  the  present  one,  the  writer.has  been 
completely  enveloped  for  15  or  more  minutes  at  a  time  in  the  cloud 
of  gas  and  ash  proceeding  directly  from  the  crater  of  a  volcano  during 
a  paroxysmal  eruption.  In  every  case  there  was  no  noxious  gas — no 
HCl,  SOi,  H^,  CO, — in  preceptible  amounts,  although  these  are 
present  in  distressing  quantities  during  phases  of  minor  activity. 
The  couclusion  is  inevitable  that  the  paroxysmal  gases — i.  e.,  the  gases 
which  produce  a  great  eruption  and  which  have  been  the  cause  of  the 
formation  of  volcanoes — consist  mainly  of  the  same  ingredients  as 
atmospheric  mr.  Under  the  above  mentioned  circumstances  I  have 
found  only  a  sUght  feeUng  of  oppression,  which  may  be  due  to  the 
high  temperature  or  possibly  to  a  slight  deficiency  in  the  proportion 
of  oxygen  due  to  ozydations  durii^  the  subterranean  travel  of  the 
gases. 

These  two  eruptitma  prove  that  Stromboli  shares  in  the  general 
increase  of  activity  of  the  ItaHan  volcanoes. 

Mount  Etna  is  preparing  for  a  great  eruption. 

DATA   OP  THE   EEUPTIONB   IBOT    ANB   1912. 

1.  The  ash  of  1907  was  acid,  that  of  1912  alkaline,  both  noxious  to 
green  v^etation. 

2.  The  paroxysmal  crises  of  both  eruptions  corresponded  witJi  the 
"'-solar  phases,  to  which  Stromboli  is  very  sensitive. 
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3.  The  ash  emisdoa  of  the  1912  eruption  was  accompanied  by 
strong  electrical  manifestations,  the  volcanic  lightnings  being  vivid 
and  dUnost  incessant. 

4.  The  products  of  the  fumarolee  of  this  eruption,  collected  by  the 
writer  and  analyzed  by  Dr.  Hense,  of  the  Naples  Aquarium,  consist 
principally  of  Al,  Fe,  and  Sfe,  combined  with  HjSO,  and  HCl.  Their 
gaseous  emanation,  as  tested  on  the  spot,  was  chiefly  SO,  and  a 
trace  of  H^. 

5.  The  eruptive  months  are  six  in  number  and  have  been  desig- 
nated by  the  writer  with  the  letters  A  to  F,  inclusive. 

6.  The  eruption  proper  lasted  from  July  22  to  August  14,  1912, 

7.  The  crater  of  1907  was  200  meters  in  diameter,  very  deep,  and 
the  throat  of  the  volcano  was  left  quite  free,  pennitting  the  gases  to 
escape  quite  continuously  after  the  enipdon. 

8.  The  eruption  of  1912  enlarged  the  former  crater  to  300  meters 
and  left  it  partly  filled  with  collapsed  cone  material.  This  tends  to 
confine  the  gases  until  they  break  through  at  intervals  and  form  an 
aah  cloud,  giving  the  impression  of  a  greater  activity  than  really  exists. 

9.  The  paroxysmal  gases,  as  at  Vesuvius  in  1906,  bad  approxi- 
mately the  composition  of  atmospheric  air. 
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FiQ.  2— Lava  Rock  Thrown  500  Meters  Distant  from  Crater. 


;v  Gocit^le 


;v  Gocit^le 


Q  Grape  Leaves  BV  the  Volcanic  Ash.    Eruption  0 
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Volcanic  "Lappilli"  Fallen  Upon  Genesta.    Eruption  of  1912. 
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Fio.  1.— Mushroom  Vortex. 


Fio.  2.— Looking  Down  into  the  Great  Crater  of  1912. 
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THE  GLACIAL  AND  POSTGLACIAL  LAKES  OF  THE  GREAT 
LAKES  REGION.' 


By  Fbank  B.  Tatlob. 


GENERAL  STATEUENT. 

The  Great  Laurentian  Lakes,  or  the  G^at  Lakes,  as  the;  are  com- 
monly styled,  are  a  group  of  Talleye  which  have  been  turned  into 
lakes.  Geologically  speaking,  the  lakes  themselTeB  are  new  and 
youthful  forms,  although  the  valleyB  in  which  they  lie  are  much  older. 

The  basins  of  the  Great  Lakes  were  once  valleys  with  free  drainage 
and  no  lakes,  like  the  Ohio  Valley  of  to-day,  mie  events  which 
changed  them  into  water-filled  basins  were  apparently  associated 
with  the  glacial  period,  and  are  therefore  of  relatively  recent  date. 
It  is  the  later  part  of  the  Great  Lakes  hktory,  comprising  the  glacia] 
and  postglacial  epochs,  that  has  engaged  the  attention  of  students 
most,  because  the  facta  relating  to  that  part  are  the  newest  and  most 
numerous.  But  in  any  comprehensive  view,  the  fact  should  not  be 
overiooked  that  the  Great  Lakes,  or  rather  the  basins  in  which  they 
lie,  had  a  long  and  complicated  history  before  the  glacial  period  and 
also  a  complex  intei^lacial  history.  Only  the  main  outlines  of  the 
earlier  epochs  are  known  at  the  present  time,  and  it  will  suffice  to 
enumerate  them  here  briefly. 

PREGLACIAL  HISTORY  OF  THE  VALLEYS  OF  THE  GREAT  LAKES. 

PHASES  OP  DETBLOPMBNT. 

The  pre^acial  history  of  the  Great  Lakes  is  simply  the  geological 
history  of  the  region.  For  convenience  it  may  be  divided  into  three 
epochs,  each  one  dominantly,  though  not  exclusively,  characterized 
by  a  particular  phase  of  development.  The  firet  was  the  epoch  of 
sedimentation  or  Paleozoic  strata  building — the  constructional  epoch ; 
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the  second  was  the  epoch  of  land  elevation,  causing  increase  of  alti- 
tude and  inaugurating  erosion — the  epoch  of  emergence,  and  the 
third  waa  the  epoch  of  erosion  or  valley  making — the  deatnictional 
epoch.  These  three  epochs  are  not  sharply  and  completely  marked 
off  from  each  other,  although  they  may  appear  to  be  so  in  some  parts 
of  the  Crreat  leaked  area.  For  example,  in  the  northwestern  part, 
uplifts  producing  emergence  of  land  areas  occurred  while  in  much  of 
the  region  of  the  lakes  farther  east,  sedimentation  was  still  going  on 
unjnterrupted.  Whatever  land  was  then  raised  above  the  sea  waa 
attacked  by  the  forces  of  erosion.  Thus,  to  some  extent,  sedimen- 
tation, elevation,  and  erosion  were  all  going  on  at  one  and  the  same 
time.  But  the  successive  dominance  of  the  three  processes  distin- 
guishes fairly  well  the  three  phases  of  development 

OUTLINE  OP  GEOLOGICAL  HI8TOET  OP  GREAT  LAKES  REGION. 

It  is  well  known  that  the  basins  of  the  Great  Lakes  lie  chiefly  in 
depressions  that  were  formerly  filled  and  completely  occupied  by 
Paleozoic  strata.  While  these  strata  were  being  laid  down  the  whole 
region,  excepting,  perhaps,  part  of  the  Archean  area  south  of  Lake 
Superior  and  some  parts  of  the  plateau  north  of  the  Great  Lakes, 
was  under  the  sea,  He  rocks  that  filled  these  basins  have  very  dif- 
ferent characters  in  different  beds.  There  are  con^omerates  and 
sandstones,  shales  and  limestones,  and  in  some  places  igneous  rocks. 
Each  one  of  these  classes  of  rocks  has  many  varieties  with  more  or 
less  variation  in  hardness  and  chemical  properties,  and  these  qualities 
exercised  an  important  influence  upon  the  rate  and  manner  of  disin- 
t^jation  under  the  forces  of  erosion.  The  formation  of  the  Great 
Lakes  basins  has  thus  been  dependent  to  a  lai^e  degree  upon  the 
character  of  the  strata  out  of  which  they  have  been  excavated — upon 
their  relative  hardness,  thickness,  and  arrangement. 

This  was  the  constructional  period  in  which  nature  was  getting 
ready  for  the  subsequent  making  of  the  lake  basins.  The  basins 
themselves,  however,  did  not  begin  to  be  made  until  another  great 
event  in  geological  history  had  taken  place — not  until  a  change 
occurred  in  the  relative  attitude  of  the  land  and  sea.  Beginning  at 
the  close  of  the  Paleozoic  era  there  came  an  epoch  of  great  earth 
movements  affecting  all  of  the  eastern  part  of  North  America,  includ- 
ing the  whole  of  the  Great  Lakes  region.  In  consequence  of  this  the 
land  now  occupied  by  the  lakes  was  lifted  out  of  the  sea  to  an  altitude 
estimated  by  some  to  be  relatively  2,000  or  3,000  feet  higher  than  its 
present  altitude.  This  was  the  tune  of  the  uplifting  and  folding  of 
the  Appalachian  Mountains.  This  process  probably  occupied  some 
thousands  of  years,  but  in  a  geological  sense  it  was  a  relatively  short 
time. 
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lliere  is  eTidenoe,  also,  that  there  were  bodm  earlier  moremeats  of 
less  extent  afFeoting  the  Tegion  of  Lake  Sopwior  and  the  northern 
part  of  Lake  Huron  especially,  iriiich  probably  mode  land  suifaoes 
of  limited  extent  before  the  great  moTement  which  eleTated  the 
whole  r^ion. 

C^TB£  UAKINO  OF  THE  QBEAT  LAKE  TALLETS  BT  STBEAM  BB08I0N. 

The  forces  of  subaerial  and  stream  erosion  attacked  the  surface  of 
the  land  as  fast  as  it  was  raised  abore  the  level  of  the  sea,  and  the  sea 
itself,  with  its  waves  and  tides  and  currents,  attacked  the  new  land 
alt  around  its  shores.  Rain  and  frost,  wind  and  sunshine  and  the 
various  agents  of  chemical  decomposition  attacked  every  part  of  the 
new  land  surface.  Most  effective  of  all  was  the  water  that  gathered 
into  flowing  streams.  All  of  these,  great  and  small,  did  their  share 
in  tearing  dow/i  and  sculpturing  the  new  land — m  carrii^  valleys, 
hills,  and  mountaiiMj  out  of  the  elevated  mass.  Each  one  woi^ed 
with  an  efficiency  dependent  upon  its  volume,  the  rate  of  its  descent, 
the  character  and  quantity  of  sediment  carried  and  upon  other 
factors.  The  first  shapes  of  the  newly  emerged  land  determined  the 
first  drainage  systems,  but  as  the  work  of  erosion  went  on  the  effects 
produced  were  greatly  influenced  by  the  variously  reeistent  characters 
of  the  rocks  and  their  relative  position  and  arrangement. 

In  the  building  of  the  strata  out  of  ^A^iich  the  lake  basbs  have  been 
excavated,  it  happened  that  the  r^imi  now  occupied  by  the  greater 
part  of  the  basins  was  for  the  most  of  the  time  not  adjacent  to  the 
shores  of  the  ancient  seas  so  as  to  receive  coarae  sediments,  but  was 
offshore  some  distance  from  the  land,  so  that  the  sediments  received 
were  mainly  of  fine  texture,  mud  which  afterwards  became  shale, 
and  limey  ooze  which  afterwards  became  limestone.  Conglomerates 
and  sandstones  indicating  shore  conditions  or  shallow  water  near 
shore  occur,  but  are  not  common  in  the  lake  basins.  Limestone 
does  not  rank  as  a  hard  substance  in  the  scale  of  mineral  hardnees, 
but  compared  to  the  shales  it  is  sometimes  a  hard,  resistant  rock, 
eapeciaUy  wh^e  it  occurs  in  massive  form  and  in  great  thickness. 
In  the  building  of  the  strata  it  happened  that,  stretching  westward 
and  northwestward  from  central  New  York  to  nortiiem  Michigan, 
there  was  a  greup  of  beds  whose  arrangement  and  relative  hardness 
predisposed  them  to  unequal  erosion  and  the  fcHmation  of  valleys 
bounded  by  great  escorpments.  In  New  York  the  Lockport  lime- 
stone of  the  Niagara  group  ia  a  massive  bed  of  tJie  hardest  quality, 
150  to  250  feet  thick,  while  b^ow  it  are  shales  and  sandstones — 
diiefly  shales — ^much  softer,  but  containing  two  relatively  thin,  hard 
layers  of  Clinton  limestone.  These  lower  beds  are  several  hundred 
feet  thick.  Then,  again,  above  the  Lockport  limestone,  are  ib» 
80360°— Bit  1912 — ao 
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very  soft,  marly,  salt^bearing  beds  of  the  Salina  fonnation,  generally 
200  or  300  feet  in  tluclmess.  The  selective  processes  of  erosion  led 
the  Btreams  to  attack  the  softer  strata  with  greatest  effect,  while  ihe 
harder  limestone  resisted  and  formed  the  great  eecarpment  which 
now  characterizes  it,  from  New  York  to  Wisconsin.  ExtensiTe  val- 
leys were  eroded  in  the  soft  rocks  below  it  and  the  limestone  ledg^ 
was  driven  back  as  fast  as  it  was  undermined.  Other  valleys  were* 
also  excavated  in  the  soft  shales  above. 

Thus,  Lake  Ontario,  Geoi^ian  Bay,  the  northern  channel  of  Lake 
Huron,  and  Green  Bay  were  excavated  out  of  the  soft  rock  below  t^e 
limestones  of  the  Niagara  group,  while  Lake  Erie,  .the  main  body 
of  Lake  Huron  and  all  of  Lake  Michigan  were  excavated  out  of  the 
soft  strata  above  the  limestones.  Lake  Superior  appears  to  be  some^ 
what  exceptional.  It  is  thought  to  be  latgely  an  oijginal  rock  basin, 
or  perhaps  a  syndine  out  of  whidi  the  soft  rocks  ha^o  been  eroded. 
These  softer  rocks  were  probably  mainly  those  that  lie  below  the 
limestone  of  the  Niagara  group. 

Thus,  the  shape  and  size  and  arrangement  of  the  lake  valleys 
were  primarily  dependent  upon  the  geolc^ical  structure — upon  the 
relative  position  and  thickness  of  the  soft  beds  and  the  distribution 
of  their  exposed  parts.  Where  the  soft  beds  were  exposed  to  effective 
stream  erosion  they  were  removed  more  rapidly  than  the  harder 
rocks,  and  thus  became  the  main  valleys  of  the  r^ion. 

In  the  present  attitude  of  the  land  the  Paleozoic  strata  dip  dis- 
tinctly but  gently  southward  in  the  basin  of  Lake  Ontario;  south  in 
the  eastern  part  of  Lake  Erie,  and  southwest  and  west  in  its  western 
part;  toward  the  southwest  in  the  main  part  of  Lake  Huron,  but  ' 
toward  the  south  in  the  northwestern  part  of  this  basis;  toward 
the  south  in  the  northeastern  part  of  Lake  Michigan,  toward  the 
east  in  the  southern  part,  and  toward  the  south  in  the  peninsula 
east  of  Marquette,  while  farther  weet  the  older  rocks  borderii^  Lake 
Superior  on  the  south  dip  steeply  northward  toward  the  axi^  of  the 
basin  and  the  dips  are  various  in  other  parts. 

That  these  vaJleys  were  going  through  the  process  of  developmmt 
by  erosion  during  practically  all  the  time  from  the  close  of  the  Paleo- 
zoic to  the  beginning  of  the  glacial  period  seems  not  improbable. 
Indeed,  the  time  must  have  been  very  long  to  have  made  such  extensive 
valleys  by  so  slow  a  process.  It  might  be  thought  that  some  move- 
ment of  elevation  or  tilting  had  turned  these  old  valleys  into  lake 
basins  long  before  the  time  of  the  Ice  Age,  but  no  certain  evidence 
indicating  such  a  change  has  been  found.  Up  to,  or  nearly  to,  the 
b^inning  of  the  Ice  Age  the  valleys  appear  to  have  had  complete 
drainage  by  vvv^n  and  h«ld  no  lakes. 
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The  gl&cial  period  as  a  whole  has  been  found  to  be  made  up  of 
four  (or  possibly  five)  distinct  epochs  of  glaciation  separated  by  inter- 
vening warm  periods  when  the  ice  sheet  either  shrank  to  relatively 
small  proportions  or  disappeared  altc^ether.  The  last  ice  sheet 
deposited  what  is  known  as  the  Wisconsin  drift.  It  seems  certain 
that  the  depressions  which  constitute  the  lake  basins  were  involved 
in  each  one  of  the  several  glacial  epochs,  and  yet  all  the  basins,  ex- 
cepting perhaps  that  of  Lake  Superior,  retain  very  distinct  characters 
which  belong  to  stream-eroded  valleys.  Indeed,  except  for  the 
drift  deposits  and  efFecte  produced  by  tilting,  it  may  almost  be  said 
that  they  show  no  other  characters.  AH  the  changes  produced  by 
the  several  glacial  invasions  have  not  destroyed  these  characters  nor 
obliterated  them  to  any  great  extent.  In  fact,  when  the  last  ice 
sheet  crept  from  the  north  down  into  tbe  lake  basins  it  appears 
to  have  fotmd  them  in  almost  every  detail  the  same  as  they  are  to-day. 

No  doubt  the  events  of  the  lake  history  which  occurred  during  the 
advancing  phase  of  the  last  ice  sheet,  as  well  as  in  the  earlier  glacial 
epochs,  are  matters  which  would  be  of  great  intg|:6st  and  importance 
if  they  were  accessible;  but  they  seem  destined  to  remain  in  obscurity, 
because  the  record  made  by  the  ice  at  the  climax  of  each  minor  move- 
ment of  advance  was  continually  being  overridden  and  obliterated 
by  later  and  more  enei^getic  readvances;  and,  further,  in  the  region 
of  die  Great  Lakes  the  drift  sheets  of  the  older  glacial  epochs  were 
almost  entirely  overridden  by  the  later  ones. 

TEE  GREAT  LAKES  DURING  THE  RETREAT  OF  THE  LAST  IGE  SHEET. 

The  forgoing  is  a  brief  outline  of  the  complex  history  of  the 
Great  Lakes  down  to  the  time  of  the  maximum  extension  of  the  last 
or  "Wisconsin  ice  sheet.  It  is  only  when  we  begin  to  follow  the  retreat 
of  this  ice  sheet  across  the  lake  r^on  that  we  come  upon  that  later 
phase  of  the  lake  history  which  is  so  clearly  and  completely  recorded 
in  the  present  surface  deposits.  This  part  of  the  history  is  spread 
out  upon  the  surface  of  the  lake  region  like  an  open  book.  An 
immense  body  of  facts  has  been  gathered  bearing  upon  it  and  this 
gives  us  a  fairly  full  knowledge  of  its  details,  with  the  promise, 
through  continued  exploration,  of  still  more  detailed  knowledge. 

This  part  of  the  lake  history  has  its  own  complexities  and  these 
arise  from  several  different  causes.  First,  from  the  oscillating  man- 
ner of  the  ice  retreat,  which  was  accompanied  by  many  periodic 
minor  movements  of  retreat  and  readvance;  second,  from  the  irreg- 
ularities of  topography  which  characterizes  the  lake  region;  third, 
from  the  direction  of  the  general  retreat  of  the  ice  across  the  lake 
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basins;  and,  fourth,  by  differential  elevation  of  the  land  dtuing  and 
after  the  ice  occupation,  the  maximum  elevation  occurring  in  the 
north  and  producii^  several  changes  of  outlet. 

The  combined  effect  of  these  and  other  lees  important  factors  pro- 
duced a  complex  history,  not  only  as  expreesed  by  the  distribution 
and  relations  of  the  various  drift  forms,  but  also  by  the  remarkable 
effects  of  the  ice  sheet  upon  the  associated  drainage.  It  determined 
the  location  of  great  rivers  which  flowed  only  temporfuily  from  the 
ice  or  aloi^  its  border  and  produced  remarkable  shiftiogs  of  thear 
courses.  Its  most  noteworthy  effect,  however,  was  the  production  of 
a  complex  succession  of  shifting  and  changu^  lakes — enlarging,  fall- 
ing, shrinking,  combining,  divjdir^,  and  rising  lakes — of  large  extent, 
with  frequent  chaises  of  outlet,  and  coming  at  last  to  the  lakes  as  we 
find  them  to-day.  As  investigation  has  inclined  more  and  more  to 
details  and  has  covered  an  area  of  increasii^  extent,  it  has  been  found 
that  the  succession  of  chaises  involved  in  the  later  lake  history  is 
much  more  complex  than  was  formerly  supposed. 

THE  SHRINKAGE  OP  THE  ICE  SHEET  INTO  THE  LAKE  BASINS. 

In  one  of  its  earlier  epochs  (the  lUinoian)  the  ice  sheet  covered  iha 
entire  r^on  of  the  Great  Lakes,  the  only  exception  being  the  well- 
known  drifUess  area  which  lies  chiefly  in  western  Wisconsin.  This 
area  is  in  the  angle  between  Lake  Michigan  and  Lake  Superior,  but 
does  not  comprise  any  part  of  the  drainage  basin  of  either  one  of  them. 
As  the  ice  sheet  moved  southward  the  lake  basins  naturally  ofiered 
the  easiest  lines  of  flow  and  the  high  lands  between  the  basins  were 
areas  of  greater  resistance  and  slower  flow.  But  when  the  ice 
attained  its  maximum,  reaching  nearly  to  Cairo,  III.,  some  20  miles 
across  the  Ohio  Kiver  at  Cincinnati,  and  to  Beaver  Falls,  Fa.,  the 
lake  basins  became  relatively  unimportant  in  their  effect  upon  the 
ice  movement,  for  at  that  time  the  ice  overwhelmed  them  aJl,  includ- 
ii^  even  the  high  lands  between  them.  As  it  retreated,  however, 
the  relative  importance  of  the  lake  basins  in  controlling  the  ice  flow 
increased  rapidly  and  by  the  time  the  ice  front  had  withdrawn  to  the 
most  southerly  points  of  the  watershed  of  the  lake  basins  it  had 
taken  on  lobate  forms  of  a  most  pronounced  typo.  In  the  latest  or 
Wisconsin  epoch  of  glaciation  the  farthest  extension  of  the  ice  did  not 
reach  so  far  south  in  the  region  west  of  central  Ohio  as  it  had  before. 
In  Illinois  it  reached  only  about  half  way  from  the  shore  of  Lake 
Michigan  to  the  ilississippi  and  Ohio  Rivers.  Beyond  this  the  older 
drift  ehowB  now  only  occasional  ridgings  suggestiog  terminal  moraines. 
The  great  moraine  system  which  is  conspicuously  related  to  the  basins 
of  the  Great  Lakes  belongs  to  the  Wisconsin  or  latest  glaciation.  As 
the  ice  drew  back,  each  lake  basin,  at  the  time  of  most  pronounced 
lobation,  had  ite  ice  lobe  which  conformed  to  the  ouUines  (rf  Hb 
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Bouthem  part  with  remarkable  fidelity.  The  morainee  laid  down 
along  the  margin  of  the  lobes  at  this  Bt^e  are  roughly  concentric 
with  the  basins  and  nearly  parallel  with  their  southern  shores.  A 
diagrammatic  representation  of  the  outline  of  the  ice  border  at  several 
succeesive  poaitions  is  given  in  figure  1 . 


COMPLEXITIES  OF  LAKE  HISTORY  CAUSED  BY.  STADIAL  OSCILLATIONS 
OF    ICE    FRONT. 

The  periodic  oscillations  in  the  retreat  of  the  Wisconsin  ice  sheet 
introduced  a  peculiar  complexity  into  the  lake  history.  The  stronger- 
or  principal  recossional  moraines,  called  stadial  moraines,  mark  rela- 
tively long  intervals  of  time — several  hundreds'  of  yeare,  perhaps 
more  than  a  thousand.    Each  whole  period  of  oecillation  is  involved 
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in  a  stadium  and  a  stadia!  moraine  marke  the  forward  climax  of  one 
of  these  periods.  The  readvance  to  each  stadial  moraine  covered  a 
very  considerable  distance,  certainly  in  some  casee  25  to  50  miles  and 
perliaps  twice  as  much.  The  long  intervals  of  time  between  these 
moraines  account  perhaps  to  some  extent  for  the  commonly  observed 
discordant  relation  between  them.  Each  stadium  in  turn  is  marked 
at  periodic  iuterrals  by  weaker  moraines  which  are  superposed  upon 
the  stadia.  These  mark  subsidiary  halts  or  perhaps  ^ight  r^d- 
vauces,  and  there  is  a  numerous  series  of  them  in  each  stadium. 
There  was,  however,  only  a  slight  movement  of  readvance  associated 
witJii  these  minor  stadial  moraines,  and  they  record  lees  strongly 
marked  and  shorter  periodic  climatic  variations. 

The  most  important  oscillatory  variation  in  the  retreat  of  the  ice, 
so  far  as  ita  effect  on  the  lake  history  is  concerned,  is  the  etadial 
oscillation.  Its  relatively  long  period  and  the  wide  space  covered  each 
time  by  the  movement  of  readvance  make  it  the  chief  cause  of  com- 
plexity, for  after  lakes  were  lowered  by  a  retreat  of  the  ice  the  stadial 
readvance  was  likely  to  close  the  outlet  last  opened  and  roelevate  the 
lake  to  a  higher  level.  Tiaee  times,  certainly,  and  perhaps  four  or 
five  times,  this  kind  of  change  affected  the  waters  of  Uie  Huion-Erie- 
Ontario  basin.  During  several  oscillations  the  ice  front  stood  in 
critical  relations  to  the  land  barriers  that  held  up  the  lakes  and  changes 
of  relatively  slight  amount  in  its  position  opened  or  closed  outlets 
and  changed  the  level  of  the  lake  waters. 

Considering  the  apparent  character  of  the  glacial  oscillations,  it 
seems  necessary  to  take  account  also  of  the  halt«  of  the  ice  front  at 
the  backsteps  or  climaxes  of  retreat.  These  probably  affected  the 
lakes  and  lasted  as  long  as  did  the  halts  on  the  stadial  moraines 
which  mark  the  climaxes  of  advance.  In  one  case  at  least  there  is 
remarkably  clear  and  complete  proof  of  the  long  duration  of  a  par^ 
Ucular  lake  stage  which  existed  during  the  pause  at  a  backstep  or 
climax  of  retreat. 

BRIEF  OUTLINE  OF  THE  GREAT  LAKES  HISTORY  DURING  AND  AFTER 
THE  RECESSION  OF  THE  LAST  ICE  SHEET. 

THE  FIRST   SHALL  LAXEa. 

As  soon  as  the  ice  front  withdrew  to  the  north  side  of  the  southern 
watershed  of  the  Great  Lakes,  small  ice-dammed  lakes  b^aa  to  be 
formed.  In  Ohio  a  number  of  such  lakes  appeared  along  the  north 
side  of  the  divide  south  of  Lake  Erie.  It  seems  a  necessary  inference 
that  in  consequence  of  the  stadial  oscillations  of  the  ice  many  of  these 
earliest  small  lakes  were  first  formed  at  an  extreme  position  of  retreat 
and  then  overridden  and  obliterated  by  the  next  readvance.  Indeed, 
in  some  cases  this  may  have  occurred  two  or  three  times  before  the 
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early  beginninga  of  the  larger  lakes  became  well  establiabed.  Thmv 
is  Bome  evidence  of  this  sort  of  development  at  Fort  Wayne,  Ind. 

The  earliest  small  lakes  diachai^ad  at  first  southward  independently 
through  several  gaps  in  the  divide;  a  httle  later  they  fell  to  lower 
levels  and  discharged  westward  to  a  lower  gap,  and  finally  into  the 
first  small,  narrow  representative  of  glacial  Lake  Maumee.  Mr. 
Leverett  has  already  described  these  earliest  lakes  in  Ohio.*  Others 
of  somewhat  similar  origin  were  formed  along  the  east  side  of  the  Lake 
Michigan  basin.  Winchell '  haa  described  a  series  of  small  lakes  that 
preceded  the  larger  lakes  in  the  western  end  of  the  Lake  Superior 
basin. 

So  far  as  has  been  made  out  by  the  study  of  the  moraines,  espe- 
ciatty  with  reference  to  their  continuity  from  one  basin  to  another, 
there  seems  to  have  been  very  little  difference  in  the  time  when  the 
lai^er  lakes  began  to  form  in  the  western  end  of  the  Lake  Erie  and 
the  southern  end  of  the  I^ake  Michigan  basins.  When  the  ice  front 
had  withdrawn  to  a  position  a  few  miles  north  of  the  watershed  at 
the  south  end  of  I^ake  Michigan  and  was  building  the  later  members 
of  the  lake-border  group  of  moraines,  there  was  a  long,  slender,  cres- 
centr^haped  lake  between  the  ice  and  the  land.  This  was  the  b^in- 
nu^  or  first  stage  of  the  glacial  Lake  Chicago  (fig.  2,  position  M). 
Similarly,  when  the  ice  front  had  retreated  to  a  position  a  Uttle  east 
of  the  watershed  at  Fort  Wayne,  Ind.,.  another  long,  narrow,  crescent- 
shaped  lake,  called  glacial  Lake  Maumee,  was  formed  between  the 
ice  and  the  land.  If  the  moraines  have  been  rightly  interpreted, 
these  two  lakes  came  into  existence  at  about  the  same  time.  A  third 
lake  of  the  same  kind  was  formed  in  the  same  way  at  the  western  end 
of  the  Lake  Superior  basin,  when  the  Lake  Superior  ice  lobe  first 
shrank  within  tJie  line  of  the  watershed  west  of  Dututh.  The  time 
of  its  first  appearance  relative  to  the  first  lakes  formed  at  Chicago  and 
Fort  Wayne  ia  shown  by  Leverett'a  work  in  1910  to  be  considerably 
later. 

Two  small  lakes,  formed  probably  at  about  the  same  time  as  Lakes 
Maumee  and  Chieago,\gathercd  in  front  of  the  Green  Bay  lobe'of  the 
ice  sheet  in  Wisconsin  and  discharged,  the  one  southward  to  Rock 
River  and  the  other  southwestward  to  the  Wisconsin  River.  These 
lakes,  however,  did  not  have  an  independent  existence  long.  They 
soon  united  in  one  body  and  when  the  retreating  ice  opened  a 
passage  eastward  to  the  basin  of  Lake  Michigan,  mei^ed  with  Lake 
Chic^o. 

From  these  four  relatively  small  beginnings  there  grew  a  series  of 
glacial  lakes  the  like  of  which,  for  size  and  complicated  history,  is 

■  LcTCKtt,  Fnnk,  OluiU  tDnnaUoii*  aai  dntmc*  feUutM  of  Out  Kila  ud  Ohio  bulia,  Ugfu.  V.  a. 
Owl.  Bamj,  rol.  41,  IWB,  pp.  810-611. 
•  WliiehaU,N.  H.,  OUeUlUaaaflUiiiHHitA:  OaoLSao.  An.  BtUL,  vol.  II.ISOI,!^.  10l>-llS,IpL 
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not  known  in  any  other  part  of  the  world.  The  total  area  covered  by 
their  waters  from  first  to  last  was  miH^  greater  than  the  entire  area 
of  the  present  Qreat  Lakes,  but  the  whole  area  was  not  covered  at 


any  one  time.  Only  one  glacial  lake  of  larger  size  is  known  to  have 
existed;  this  is  Iiake  Agassiz,  which  ovMspread  nortJiwestem Minne- 
sota, northeastern  North  Dakota,  and  a  great  area  in  Manitoba  and 
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Saskatchewan.    The  history  of  Lake  Agassiz  appears  to  have  been 
very  simple  in  comparison,  for  the  basin  which  it  occupied  was  sim- 


pler in  form  and  the  relations  of  the  ice  dieet  to  it  were  much  less 
complicated. 
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OLAOIAL   LAKES   OF  THE    HURON-ERIE   BABIN. 

The  lowland  which  stretches  from  Lake  Huron  southward  to  Lake 
Erie  was  abandoned  by  the  ice  sheet  in  the  middle  stages  of  the  dev^ 
opment  of  the  glacial  lakes,  but  continued  to  be  covered  by  the  lake 
waters,  so  that  the  waters  in  the  southern  part  of  the  Lake  Huron 
basin  were  joined  with  those  in  the  baain  of  Lake  Erie  as  one,  and  at  a 
later  stage  this  extensive  lake  was  further  expanded  so  as  to  cover  the 
western  and  southwestern  parts  of  the  basin  of  Lake  Ontario. 

The  succession  of  lakes  in  this  basin  is  more  complex  than  in  any 
other  part  of  the  lake  re^on.  These  complexities  grew  out  of  sev- 
eral diiferent  causes:  (1)  The  configuration  of  the  chief  elements  of 
relief,  relatively  deep  basins  separating  the  higher  Itmds,  and  the  posi- 
tion and  varying  altitude  of  the  watershed  south  of  the  lakes;  (2) 
the  general  direction  of  the  glacial  retreat  and  the  trend  of  the  ice 
front  with  reference  to  these  features;  (3)  the  stadial  oscillations  of 
the  ice  sheet  during  retreat,  comprising  not  only  periodic  movements 
of  retreat  and  halt,  but  also  alternating  movements  of  readvaoce  over 
relatively  wide  intervals  of  space;  and  (4)  (especially  in  the  later 
stages)  the  tilting  or  northward  differential  elevation  of  the  land. 
The  stadial  readvances  introduced  the  greatest  element  of  complexity 
and  produced  their  effects  chiefly  by  closing  outlets  and  raising  the 
level  of  the  waters.  This  occurred  repeatedly  after  the  waters  had 
been  lowered  not  long  before  by  a  movement  of  retreat. 

South  of  a  line  passing  about  5  miles  north  of  Birmingham,  Mich ., 
and  through  Ashtabula,  Ohio,  the  old  beaches  of  the  Huron-EMe 
basin  are  all  horizontal;  north  of  it  they  rise  gradually  toward  the 
north-northeast.  The  area  south  of  this  "hinge"  line  is  known  as 
the  area  ofhorizantality.  The  succession  of  lake  levels  within  this  area 
is  shown  in  the  table  below.  The  order  of  occurrence  on  the  slope 
is  shown  by  their  altitude  in  feet  above  sea  level,  beginning  with  the 
h^hest ;  their  order  in  time  is  shown  by  the  numbers  on  the  left. 
The  beaches  that  were  submeiged  and  modified  by  s  rise  of  the  lake 
level  due  to  a  readvance  of  thd  ice  are  put  in  italics. 

1.  First  or  highest  Maumee,  790  feet. 

3.  Middle  or  main  Maumee,  780  feet. 
2.  Lowest  Maumee,760  feet. 

5.  Whittlesey,  735  feet. 

4.  ArJcona,  710-694  feet. 

7.  Warren  (Forest),  680  feet. 

6.  Wayne,  660  feet. 

8.  Grassmere,  640  feet. 

9.  Lundy  (Dana,  Elkton),  620  feet. 
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LAKE  UAITUEE. 

Lake  Maumee  had  at  least  three  distinct  stf^es,  and  possibly  more. 
The  Btages  that  are  clearly  detennined  are  as  follows: 

First  stage. — ^As  soon  as  the  ice  front  retreated  eastward  from  the 
moraine  at  Fort  Wayne,  Ind.,  it  obstructed  the  normal  northeast- 
ward drainage  of  the  Maumee  Valley,  and  Lake  ^umee  came  into 
existence.  The  outlet  was  westward  through  the  present  site  of  the 
city  of  Fort  Wayne,  thence  southwestward  to  the  Wabash  River  at 
Huntington,  and  ultimately  to  the  CJio  and  IkGssissippi  Rivers  and 
the  Gulf  of  Mexico,  The  next  stadial  moraide  to  be  formed  in  the 
Maumee  Valley  was  at  Defiance,  Ohio  (fig.  1  and  position  M  in  fig.  2). 
In  view  of  the  periodicity  and  the  wide  space  covered  by  the  stadial 
resdv&nces,  it  njay  be  regarded  as  certain  that  when  the  retreating 
ice  front  left  Fort  Wayne  it  did  not  stop  at  Defiance,  but  receded  to 
a  point  probably  not  less  than  25  or  30  miles  east  of  Defiance,  and 
there  halted  for  a  considerable  time  before  readvancing.  There  were 
also  minor  oscillations  during  both  of  these  movements. 

As  the  ice  retreated  from  the  Fort  Wayne  moraine  the  lake  widened 
eastward,  and  long  arms  of  water  extended  eastward  into  Ohio  and 
northeastward  into  Michigan  between  the  shrinking  ice  lobe  and  the 
land.  Possibly  the  lake  maintained  its  highest  level  and  discharged 
at  Fort  Wayne  during  the  climax  of  retreat,  although  this  is  doubt- 
ful. But  during  the  return  of  the  ice  front  to  Defiance  and  its  pause 
-  at  the  Defiance  moraine  the  lake  overflowed  at  Fort  Wayne.  The  first 
st^e  ended  only  when  the  Fort  Wayne  outlet  was  finally  abandoned. 

Second  stage. — At  the  next  stage  the  ice  front  retreated  a  consid- 
erable distance  from  the  Defiance  moraine  and  opened  a  lower  outlet 
somewhere  near  Imlay  in  Lapeer  County,  Mch.  Below  the  upper 
or  first  beach  of  Lake  Maumee  there  are  two  others  which  evidently 
belong  to  this  lake.  One,  which  is  called  the  middle  or  main  beach 
of  Lake  Maumee,  is  15  to  25  feet  below  the  upper  or  first  beach, 
and  is  a  normal  wave-made  shcfl'e  line  of  moderate  strength.  Ilie  low- 
est beach  is  faint  and  fragmentary,  and  shows  great  modification  by 
submergence  since  it  was  made.  It  is  about  20  feet  below  the  middle 
beach.  Q^ese  two  lower  beaches  have  a  curious  relation;  counting 
the  beaches  down  the  slope,  the  third  beach  was  made  next  after 
the  first,  and  then  the  level  of  the  lake  was  raised  and  the  second 
beach  was  made  at  a  higher  level.  The  storm  waves  which  made  the 
second  beach  swept  over  the  gravelly  ridges  of  the  earlier  one  below, 
as  the  latter  lay  in  20  feet  of  water,  and  almost  destroyed  them. 
Hence,  when  the  third  or  lowest  beach  was  being  made  the  lake  was 
in  the  second  stage.  The  location  of  the  outlet  for  this  stage  is  not 
known  with  certainty.    It  may  have  passed  northward  a  few  miles 
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eaat  of  Imlay  and  thence  wiestwsrd  into  the  Saginaw  baain,  but  if  so 
was  overridden  and  obliterated  by  a  readvaaoe  of  the  ice. 

Third  stage. — When  the  ice  front  readvanced  it  closed  the  outlet 
for  the  second  stage,  and  moved  westward  to  a  positiou  dose  ^ong 
the  east  side  of  the  great  Imlay  outlet  channel,  which  passes  ncarth- 
ward  just  east  of  Imlay.  This  chamiel  shows  evidence  of  having 
been  crowded  westward  by  the  moraine  along  its  east  side.  At  this 
stage  Lake  Maumee  was  almost  high  enough  to  overflow  at  Fort 
Wayne. 

When  the  ice  retreated  from  this  last  position  it  opened  a  very 
temporary  outlet  across  Tuscola  County,  ifich.,  but  it  did  not  open 
a  permanent  new  outlet  until  it  had  retreated  many  miles  to  the 
north,  toward  the  north  end  of  the  Saginaw  peninsula,  or  "thumb." 
The  opening  then  made,  .however,  allowed  the  lake  waters  to  fall 
quite  suddenly  to  a  much  lower  level. 

At  this  stage  Lake  Maumee  reached  its  greatest  extent,  stretching 
from  New  Haven,  Ind.,  to  a  point  several  miles  north  of  Imlay, 
Mich.,  and  on  its  south  aide  to  a  point  a  little  east  of  Girard,  Fa. 
(fig.  2,  ice  border  at  M).  In  its  horizontal  part  the  third  beach  is 
760  feet  above  sea  level.  The  fronts  of  the  contemporary  ice  lobes 
were  probably  a  few  miles  east  of  Detroit  for  the  Lake  Huron  lobe 
and  perhaps  40  or  50  miles  east  of  Toledo  in  Lake  Erie.  At  its  front 
the  ice  was  therefore  standing  in  water  150  to  200  feet  deep. 

LAKE  SAOmAW.i 

During  the  later  stages  of  Lake  Maumee  a  lake  appeared  in  the 
Saginaw  Valley  in  front  of  the  Saginaw  ice  lobe  (fig.  2),  and  the 
Imlay  outlet  river  emptied  into  it.  At  first  it  was  narrow  and 
crescent-shaped,  but  it  grew  lai^er  and  wider  before  the  end  of  Lake 
Maumee.  Its  outlet  was  through  the  Grand  Biver  channel  to  g^ataal 
lake  Chicago,  a  Uttle  west  of  Grand  Bapids.  Lake  Saginaw  was 
merged  with  Lake  Arkona,  restored  to  independence  dming  the  time 
of  Lake  Whittlesey,  and  mei^d  with  Lake  Warren  before  its  final 
extinction  by  the  abandonment  of  its  outlet. 

GLACIAL  LAKES  OF  THE  HDSON-ERIB-ONTABIO  BASIN. 
LAKE  ABKONA.t 

The  next  important  stage  of  the  ice  retreat  caused  a  still  more 
profound  change  in  the  status  of  the  glacial  lakes.  The  ice  with- 
drew altogether  from  the  "thumb"  of  Mchigan,  so  that  the  eptire 
sweep  of  the  lake  waters  to  the  eastward  was  allowed  to  fall  to  the 
level  of  Ii&ke  Saginaw  and  merge  with  that  lake.    Lake  Saginaw 

>  When  It  aibMd  aa  an  indopandant  bodr,  Le^  Baglnaw  wis  llmlUd  to  a»  SaciuK  Valley. 

■ThelakMpROedlDg  Lake  Arkona  wen  coofloed  to  the  HuroD-Brto  butn  and  did  not  Inelnda  hi; 
inrt  ot  the  bwln  of  Lake  Oatarlo;  Lake  WUttkaej',  WaowOif  Lake  Arkaua,  wu  aln  limited  la  ttu 
Bimui-Eite  basin. 
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had  at  the  same  time  expanded  lately  northeaatvard,  and  a  strait 
sflTeral  miles  wide  had  opened  past  tho  end  of  the  "thumb."  This 
enlai^ied  lake,  which  is  called  Lake  Arkona,  stretched  from  the 
vicinity  of  Gladwin,  Mich.,  to  some  point  at  least  40  or  50  miles  east 
of  Buffalo,  X.  Y.,  and  covered  a  considerable  port  of  southern 
Ontario.  Its  outlet  was  westward  through  the  Grand  iliver  channel. 
It«  altitude  above  sea  level  was  694  to  710  feet. 

West  and  northwest  of  Port  Huron  three  beach  ridges  formed  by 
this  lake  are  known  as  the  Arkona  beaches.  After  th^  had  been 
formed  the  ice  front  made  a  pronounced  readvance,  and  before  it 
halted  it  moved  southward  up  the  slope  of  the  "thumb"  to  Ubly. 
Tias  movement  had  no  effect  upon  the  waters  in  the  Saginaw  VeSley, 
but  it  raised  their  level  over  the  whole  lake  area  east  of  the  "thumb" 
about  40  feet  and  submerged  the  entire  extent  of  the  Arkona  beaches, 
excepting  those  parts  which  lay  in  the  Saginaw  Valley,  (See  fig.  3, 
with  ice  border  M.) 

LAKE  WHrrTLESEY. 

The  surface  of  Lake  Whittlesfff  (fig.  3)  stood  about  28  feet  above 
the  highest  Arkona  beach  ridge  in  the  region  northwest  of  Port  Huron 
and  44  feet  above  the  lowest.  The  ice  front  during  this  time  rested 
on  the  Fort  Huron  moraine.  As  it  advanced  up  the  "thumb"  the 
ice  which  built  this  moraine  overrode  the  Arkona  beaches  and  buried 
a  considerable  extent  of  them  on  the  northern  part  of  the  "thumb" 
beneath  the  terminal  moraine  or  under  outwash.  In  the  southern 
part  of  the  Black  Kiver  Valley  northwest  of  Port  Huron  the  Arkona 
beaches  were  not  overriden,  nor  were  they  buried,  but  they  were 
protected  from  the  waves  of  Lake  Whittlesey.  'Within  the  valley 
they  are  strongly  developed  gravelly  beach  ridges,  and  show  no  modi- 
fication due  to  submergence.  Outside  to  the  south  they  were  almost 
entirely  washed  away  by  the  storm  waves  of  Lake  Whittlosoy.  In 
many  places  so  little  remains  of  them  that  they  are  traceable  only 
with  much  difficulty.  Although  they  were  28  to  44  feet  under  the 
water  the  storm  waves  swept  their  gravels  rapidly  up  the  slope  and 
built  them  into  the  'Whittlesey  beach.  The  'Whittlesey  beach  has 
characters  which  indicate  that  it  was  pushed  up  the  slope  as  it  was 
made,  and  also  that  it  was  made  rapidly,  for  it  stands  very  high  above 
the  adjacent  land  and  is  peculiariy  independent  of  topography,  cross- 
ing valleys  of  moderate  depth  in  a  direct  line  like  a  railroad  embank- 
ment. The  correlatives  of  Lake  Whittlesey  in  the  Saginaw  and 
Michigan  basins  are  shown  in  figure  3. 


The  next  beach  below  the  Arkona  is  the  Warren.  But,  as  was  the 
case  with  the  Whittlesey  beach,  the  n«xt  beach  below  the  Warren 
sfaowB  evidence  of  having  been  submerged  and  modified  after  it  was 
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formed,  and  the  Warren  beach  is  therefore  the  beach  of  a  raised  lake. 
The  Wayne  beach  is  generally,  faint  and  on  the  "  thumb  "  of  Midhigui, 
where  it  is  gravelly,  shows  distinct  evidence  of  submergence  and 
modification  after  it  was  made.  Excepting'on  the  "thumb,"  it  is 
generally  sandy  and  without  marked  charactwistics. 

From  the  Whittlesey  beach  the  lake  level  appears  to  have  dropped 
quite  abruptly  80  or  85  feet  to  the  Wayne  beach.  This  drop  in  the 
lake  level  was,  of  course,  due  to  a  movement  of  retreat  on  the  part  of 
the  ice  front.  The  Wayne  beach  liee  at  a  level  in  the  Saginaw 
Valley  barely  below  the  head  of  the  channel,  which  had  served  as  the 
outlet  of  Lake  Saginaw.  At  the  same  time  it  is  quite  certain  that  no 
outlet  was  open  toward  the  nordiwest  through  the  Straits  of  Macldn&c. 
The  outlet  at  the  time  of  this  beadl  seems  to  have  been  in  the  east 
along  the  ice  margin,  where  it  rested  against  libe  hiUs  south  of  Syra- 
cuse, N.  Y. 

LAKE  WAKHEN. 

Here,  as  in  the  previous  stages,  the  ice  front  readvanced,  covering 
part  of  the  ground  previously  vacated.  This  movement  dosed  the 
outlet  which  had  recently  been  opened  near  Syracuse  and  raised  the 
lake  to  the  level  of  the  Warren  beach.  In  the  Saginaw  Valley  the 
Warren  beadi  passes  20  to  25  feet  above  the  col  at  the  head  of  the 
Grand  River  outlet  channel.  The  col  is  extremely  flat  and  much 
covered  with  dunee. 

In  Michigan  the  Warren  beach  extends  up  to  the  vicinity  of  the 
Au  Sable  Eiver,  north  of  Saginaw  Bay  (fig.  i)/  but  has  not  been 
identified  farther.  In  New  York  it  has  been  traced  some  distance 
east  of  the  Genesee  Kiver.  Its  limits  in  Ontario  have  not  been 
determined.  While  the  Warren  beach  was  being  made,  the  Wayne 
beach  was  being  destroyed,  and  the  Warren  bea(^  like  the  Whittlesey, 
shows  in  3ome  places,  but  not  so  stron^y,  the  characters  whidi  indi- 
cate rapid  accumulation.  The  correlative  of  Lake  Warren  in  the 
Michigan  basin  is  shown  in  figure  4.  It  is  probable  that  a  facial 
lake,  known  as  Lake  Duluth,  also  then  existed  in  the  western  part 
of  the  Superior  basin  with  outflow  southward  through  St.  Croix 
River. 

In  the  later  stages  of  the  lake  waters,  from  Lake  Arkona  on,  the 
ai«a  covered  by  the  lakes,  included  not  only  the  basin  of  Lake  Erie, 
but  a  part  of  those  of  Lakes  Huron  and  Ontario  also.  In  Kew  York, 
Fairchild  reports  evidences  of  a  readvance  of  the  ice  and  raising  of 
lake  level  later  than  the  one  whldi  affected  Lake  Warren.  Th&i 
movfflnent,  however,  appears  to  have  been  confined  to  the  Lake 
Ontario  basin  and  had  no  effect  upon  the  waters  of  the  Huron-Erie 
basin. 

The  beaches  of  all  the  foregoing  lakes  are  horizontal  in  the  soutJiem 
part  of  the  region  Utey  cow,  but  in  the  norihetn  part  thq^  rise 
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slightly  toward  tlia  north-northeast.  The  area  of  homontality  lies 
southwest  of  a  line  passing  about  5  miles  north  of  Bimiingham,  Mich., 
to  Ashtabula,  Ohio.     This  seems  to  have  been  a  sort  of  hinge  line 
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for  the  earlier  deforming  movements.  North  of  it  all  the  beaches  rise 
gradually  in  a  direction  about  north-northeast,  but  the  earlier  ones 
seem  to  rise  or  bend  upward  sooner  than  the  later  ones,  as  though 
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the  deforming  force  had  migrated  alowly  northward,  following  the 
retreat  of  the  ice  front. 


LAKB  LUNDT  (LAKS  DANA,  LAKE  B 

When  the  waters  fell  from  the  leyel  of  Lake  Warren  they  halted  first 
at  die  Qraesmere  beach  and  later  at  the  Elkton  beach,  before  th»  final 
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separation  from  the  waters  of  the  Lake  Erie  basin.  Both  of  these 
beaches  have  only  moderate  strength.  On  the  outer  part  of  the 
"  thumb  "  of  Michigan  they  are  both  split  up  into  several  fainter  lines. 
They  are  generally  gravelly  on  the  "thumb,"  but  are  sandy  elsewhere. 
They  have  been  studied  very  little  east  of  Michigan,  probably  in  part 
because  they  are  weak. 

These  beaches  mark  a  transition  stage  of  the  lake  waters — the 
transition  to  Lake  Algonquin,  the  largest  of  the  glacial  lakes  in  the 
Great  Lakes  region.  The  outlet  for  both  stages  of  Lake  Lundy  was 
probably  near  Syracuse,  N.  Y.  (fig.  5),  but  connection  with  that  region 
has  not  been  established  by  continuous  tracing. 

On  the  "thumb"  these  two  beaches  show  the  most  remarkable 
example  of  northward  splitting  that  has  been  found.  The  outer  part 
of  the  "thumb"  was  being  elevated  while  these  two  beaches  were 
being  made,  and  each  one  splits  from  a  single  beach  ridge  in  the  south 
to  four  or  five  separate  weaker  strands  covering  a  vertical  interval  of 
25  or  30  feet.  In  the  area  of  horizontality  the  Grassmere  and  Elkton 
beaches  have  altitudes  of  about  640  and  620  feet,  respectively. 

Differential  elevation  has  raised  the  Warren  beadi  at  Alden,  N,  Y., 
20  miles  east  of  Buffalo,  to  an  altitude  of  845  feet,  or  about  180  feet 
higher  than  the  same  beat^  in  the  area  of  horizontality  in  Ohio  and 
southeastern  Michigan.  In  the  same  region,  east  of  Buffalo,  the 
Lundy  or  Dana  beach  is  about  150  feet  below  the  Warren  beach, 
and  descends  toward  the  south  or  southw^t  at  a  rate  not  yet  accu- 
rately determined.  But  the  altitude  of  fragments  30  to  40  miles 
west  of  Buffalo  being  640  to  645  feet,  it  seems  ahnost  certain  that  this 
beach  becomes  horizontal  at  some  point  farther  west  and  at  a  slightly 
lower  level,  indicating  that  it  is  the  eastern  correlative  of  the  Elkton 
beach  of  Michigan.  On  the  south  side  of  Lake  Erie  the  attitude  of 
the  deformed  planes  of  the  higher  beaches  suggest  that  the  Lundy 
beach  probably  becomes  horizontd  near  Erie,  Pa.,  and  continues  so 
westward. 

At  this  time  the  ice  barrier  stood  not  far  from  the  present  south 
shore  of  Lake  Ontario  north  of  Buffalo,  with  relatively  long  and 
narrow  arms  of  the  lake  waters  extending  east  and  west  along  its 
front.  With  these  Lake  Lundy  was  connected  by  a  strait  25  to  30 
miles  wide,  extending  northward  over  the  Niagara  region,  the  depth 
of  the  water  being  90  to  100  feet  at  Buffalo  and  Niagara  Falls. 

QLACIAL  LAKES   IK  THE   BASIN  OF  LAKE  ONTARIO. 

LOCAL  GLACIAL  LAKES. 

When  the  Lake  Ontario  ice  lobe  had  retreated  far  enough  to 

uncover  the  southern  parts  of  the  valleys  of  the  Finger  Lakes  in 

central  New  York,  small  lakes  gathered  in  them,  at  first  as  separate 

bodies.    With  continued  recession  these  lakes  were  lowered  and 
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combined  in  a  complex  series  of  changes  leading  finally  to  the  later, 
larger  lakes  that  filled  the  whole  basin  of  Lake  Ontario.  The  suc- 
cession of  changes  has  been  set  forth  in  conciderable  detail  by  Fair^ 
child  *  and  illustrated  by  a  series  of  maps.  The  first  local  glacial  lakee 
had  independent  outlets  toward  the  south. 

LAKE  NEWBERRY. 

Following  this  the  dozen  or  more  small  lakes  in  the  "Finger  lake" 
Talleys  had  merged  into  one  lake,  Lake  Newberry,  with  ite  outlet 
southward  from  Seneca  Lake  to  the  Susquehanna  Kiver. 

LAKE  HALL. 

At  a  slightly  later  stage  of  rec^sion  an  outlet  for  these  waters  was 
opened  westward  to  the  glacial  waters  in  the  Lake  Erie  basin  initiating 
Lake  Hall. 

LAKE  VANTXEM. 

At  a  still  later  st^;e  an  outlet  was  opened  eastward  to  the  Mohawk 
Valley  and  Lake  Yauuxem  resulted.  After  this  there  was  for  a 
time  free  drainage  eastward  with  only  two  low,  small  lakes,  one  in 
the  Genesee  Valley  and  one  in  the  valley  of  Cayuga  Lake. 

FoDowing  this  stage  the  waters  of  the  southern  part  of  the  Lake 
Ontario  watershed  mei^ied  with  the  glacial  waters  in  the  Huron-Brie- 
Ontario  basin.  They  are  discussed  above  under  the  heading  "  Glacial 
lakes  of  the  Huron-Erie-Ontario  basin." 

LAKE  DAW80N. 

When  the  waters  had  fallen  so  as  to  separate  those  in  Lake  Erie 
from  those  of  the  Lake  Ontario  basin,  the  outlet  was  established 
eastward  past  Syracuse,  N.  Y.,  and  a  number  of  oacillationa  of  lake 
level  probably  occurred  corresponding  to  slight  retreats  and  read- 
vances  of  the  ice  front.  These  t^anges  affected  the  height  and  eroding 
power  of  Niagara  Falls.  Toward  the  end  of  these  oscillations  the 
relatively  high  ground  east  of  Rochester  became  a  barrier  (gainst 
which  ihe  ice  front  rested,  holding  Lake  Dawson  ia  the  Lake  Ontario 
basin  west  of  Rochester,  while  a  smaller  lake  into  which  it  flowed 
filled  a  narrow  strip  farther  east  and  emptied  into  the  Mohawk. 

LAKE  ntOQUOIS. 

Finally  the  waters  of  the  Lake  Ontario  basin  fell  to  the  level  of  the 
pass  at  Rome,  N.  Y.,  and  discharged  eastward  through  the  Mohawk 
Valley.  (Fig.  6,  ice  border  at  position  I.)  This  established  Lake  ' 
Iroquois,  which  endured  for  a  relatively  long  time.  The  land,  how- 
ever, was  strongly  Uplifted  around  the  north  side  of  this  basin  while 
the  lake  was  disohfuging  at  Rome.    This  backed  the  water  up  on 
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its  BouUi  and  west  shores  and  caused  it  to  fall  away  from  ihe  northern 
and  eastern  shores. 

LAKE  X. 

Whoi  the  retreating  ice  opened  a  pass^;e  eastward  around  the 


north  side  of  the  Adirondack  Mountains  to  the  basin  of  Lake  Cham- 
ptun  (fig.  6,  ice  border  at  position  I)  the  outlet  at  Borne  was  aban- 
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doned.  Following  this  the  lake  level  fell  as  the  ice  withdrew,  until 
the  sea,  which  then  stood  relativcdj  highffl  than  now  (523  feet  higher 
near  Covey  Hill,  on  the  northern  base  of  theAdirondacksOt  entered 
and  turned  what  had  been  a  glacial  lake  into  a  marine  gulf.  The 
changes  of  the  water  levels  in  the  Lake  Ontario  basin,  however, 
have  not  yet  been  fully  worked  out. 

OLA.CIAI.  LAXES   IN   THE    BASIN   OF  LAKE   UIOHIOAN. 
LAKE  CHICAOO. 

While  this  complicated  history  was  being  enacted  in  the  Huron- 
Erie-Ontario  area  the  glacial  waters  in  the  basin  of  Lake  Mich^an 
were  also  undergoing  an  expansive  development.  In  this  case,  how- 
ever, the  changes  were  extremely  simple,  for  until  the  very  last  stage 
no  critical  ground  affording  a  new  outlet  was  encountered.  Such 
changes  as  occurred  were  due  to  erosion  of  its  outlet  or  to  changes  in 
the  volume  of  discharge.  From  its  b^inning  as  a  narrow,  crescent- 
shaped  lake  at  the  extreme  southern  end  of  the  Lake  Michigan  basin, 
Lake  Chicago  expanded  northward  as  the  ice  receded  until  two-thirds 
or  three-fourths  of  the  basin  was  uncovered,  as  shown  in  figures  2, 
3,  4,  and  5.  In  all  probability  the  retreating  ice  front  performed 
here  the  same  series  of  oscillations,  with  strongly  marked  retreats 
and  readvances,  that  took  place  in  the  Huron-Erie  basin.  The  evi- 
dence of  these  oscillations,  however,  is  not  generally  so  well  marked, 
because  critical  changes  were  not  produced  by  them.  But  some  of 
the  stronger  moraines  mark  readvances  that  override  beach  ridges 
which  had  been  made  just  previously. 

The  Fort  Huron  moraine  skirts  the  north  side  of  the  high  ground 
of  the  southern  peninsula  of  Michigan  and  appears  to  be  correlated 
with  the  Whitehall  moraine  of  the  Michigan  basin. 

Studies  by  Alden,  ^^lder  the  direction  of  Chamberlain,  on  the  west 
side  of  the  Michigan  basin  have  developed  evidence  of  &  distinct 
readvance  of  the  ice  southward  to  Milwaukee  characterized  by  a 
deposit  of  red  till,  and  this  probably  correlates  witit  the  Whitehall 
moraine.  Later  ridges  of  red  till,  which  come  down  to  the  shore  of 
Lake  Michigan  near  Manitowoc  and  Two  Rivers,  Wis.,  ^so  seem 
likely  to  correlate  with  the  Manistee  ridges  on  the  east  aide  of  the 
lake.  This  correlation  is  inferred  not  only  because  of  similar  posi- 
tions on  opposite  sides  of  the  lobe  and  in  rtJerence  to  earlier 
moraines,  but  also  because  these  later  morainic  ridges  do  not  appear 
to  carry  the  Gloiwood  and  Calumet  (first  and  second)  beaches  of 
Lake  Oiicago,  which  are  present  on  the  Whitehall  moraine.  Two 
lower  beaches  in  the  same  area  seem  to  have  wider  connections. 
The  upper  one  is  the  Toleston  beach,  24  or  25  feet  above  Lake  Mich- 


GLACIAL   LAKES — TAYLOB.  31S 

jgan,  and  the  Nipissing  beach,  about  15  feet  above  the  lake.  The 
summit  in  the  Chicago  outlet  in  the  southwest  part  of  the  cdtj  is 
only  8  feet  abore  Lake  Michigan  and  ia  a  broad,  flat  region  much 
obstructed  by  low,  sandy  ridges.  Tb»  Toleston  beach  passes  over 
this  broad  divide  at  a  level  high  enough  to  have  permitted  Lake 
Chicago  to  discharge  over  it,  even  when  receiving  the  dischai^e  of 
Lake  Whittlesey  or  Lake  Warren.  Nevertheless,  the  Toleston  beach 
seems  to  be  continuous  with  the  Algonquin  beach,  which  is  present 
in  all  of  the  upper  three  lake  basins,  and  part  of  the  ove^ow  of 
Lake  Algonquin  may  have  been  by  way  of  Chicago  for  a  time. 
When  the  Huron-£ne  waters  were  dischuging  eastward  past  Syra- 
cuse, the  volume  of  diachiu^e  at  Chicago  was  liurgely  diminished  and 
the  lake  stood  slightly  lower. 

When  the  ice  lobe  in  the  Lake  Michigan  basin  retreated  into  the 
northern  part  of  that  basin,  it  uncovered  ground  of  critical  interest 
on  both  sides.  On  the  west  aide  the  glacial  waters  of  the  Lake 
Superior  basin  had  been  held  up  to  a  hi^er  level  than  those  of  Lake 
Chicago,  and  when  an  opening  occurred  around  the  hills  southeast 
of  Marquette  these  waters  were  drained  southward  along  the  western 
edge  of  the  Green  Bay  lobe  of  the  icQ  sheet  and  ultimately  into  Lake 
Chicago. 

Bordering  the  west  shore  of  Lake  Michigaa  and  extending  into  the 
Green  Bay-Lake  Winnebago  trough  and  the  Fox  and  Wolf  River 
valleys  is  an  extensive  deposit  of  red  clay,  partly  laminated,  partly 
pebbly  and  massive,  which  was  described  by  Chamberlin'  in  hia 
Geology  of  eastern  Wisconsin.  Later  study  of  this  deposit  by  Alden,* 
under  the  direction  of  Chamberlin,  shovra  that  the  lai^er  part  of  this 
deposit,  the  massive  pebbly  clay,  is  to  be  interpreted  as  glaci&I  till 
which  was  laid  down  during  a  readvanco  of  the  glacier  in  the  Lake 
Michigan  basin  as  far  south  as  Milwaukee  and  of  the  Green  Bay  lobe 
in  the  Green  Bay-Lake  Winnebago  trough  to  a  point  south  of  Fond 
du  Lac,  Wis.  The  ice  also  crowded  westward  in  the  Fox  and  Wolf 
River  vaUejra.  The  red  silt  composing  the  laminated  clay  and  the 
matrix  of  the  massive  pebbly  clsy  is  thought  to  have  come  from  the 
Lake  Superior  region,  being  brought  into  the  Green  Bay  and  Lake 
Michigan  basins  by  the  opening  of  a  southward  outlet  southeast  of 
Marquette.  The  first  opening  of  this  outlet  must  have  been  at  or 
near  the  climax  of  the  stadial  retreat  inuuediately  before  the  read- 
vance  to  the  first  rod  till  moraine.  The  phenomena  indicate  a 
roadvance  over  a  relatively  wide  interval,  and  it  seems  certain  that  if 
a  lower  outlet  had  been  opeuedby  the  retreat,  it  was  closed  again  by 
the  roadvance  and  the  level  of  the  glacial  waters  in  the  western  half 
of  the  Lake  Superior  basin  wero  raised  again  to  the  level  of  some 
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earlier,  higher  outlet.  Perhaps  this  accounta  for  the  faintneaa  of 
some  of  the  beaches  immediately  above  the  Algonquin  beach  in  the 
Lake  Superior  basin;  they  may  have  been  submerged  and  obliterated 
after  they  were  mader. 

On  the  east  aide,  the  retreating  ice  front  finally  reached  the  straits 
of  Mackinac,  where  an  opening  allowed  the  waters  of  Lake  Chicago  to 
unite  with  those  of  the  Lake  Huron  basin.  Whether  this  merging 
of  the  waters  in  the  Lake  Mchigan  and  Lake  Huron  basins  occurred 
before  or  after  the  openii^  of  the  Trent  Valley  outlet  at  Kirkfield, 
Ontario,  is  not  certainly  known. 

OLAOUX.  LA^S   IN  OBBEN  BAT  BASIN. 

Very  Uttle  has  been  written  concerning  the  glacial  lakes  in  the 
Green  Bay-Lake  Winnebago  valley  and  their  extent  has  been  as  yet 
only  partially  worked  out.  Upham  published  a  paper  in  1903* 
suggesting  the  name  Glacial  Lake  Jean  Nicolet  for  a  lake  that 
discharged  from  the  Fox  River  drainage  past  Portage,  Wis.,  to  the 
Wisconsin  Valley.  This  paper  was  not  based  on  any  field  work, 
except  a  visit  to  the  outlet,  and.the  existence  of  the  lake  was  inferred 
partly  from  the  presence  of  the  outlet  channel  and  partly  from 
Chamberlin's '  description  of  the  red  clays  in  the  Green  Bay  basin  as 
lacustrine.  As  noted  above,  studies  recently  carried  on  by  Alden  for 
the  United  States  Geological  Surrey  have  shown  that  the  red  clay 
was  largely  worked  over  and  formed  into  morainal  ridges  and  till 
sheets  by  a  readvance  of  the  ice  so  that  the  limits  of  the  red  clay  in 
the  Green  Bay  basin  mark  a  glacial  instead  of  a  lake  border.  Alden's 
studies  have  also  shown  that  the  lake  history  in  this  basin  was  some- 
what diSerent  from  that  set  forth  by  Upham.  There  was  first  a  lake 
that  discharged  from  the  district  south  of  Lake  Winnebago  south- 
ward past  Horicon  into  Rock  River.  This  lake  persisted  until  the 
ice  which  formed  the  moraines  at  the  head  of  Lake  Winnebago  had 
receded  far  enough  northward  to  open  a  passage  westward  from 
Oshkosh  to  the  headwater  part  of  Fox  River.  Then  the  discharge 
was  shifted  past  Portage  to  the  Wisconsin  Valley.  Later,  when  the 
melting  of  the  ice  cleared  the  Green  Bay  peninsula  the  waters  lowered 
to  the  Lake  Winnebago  level  and  to  a  lake  in  the  Green  Bay  basin  by 
discharging  eastward  into  Lake  Chicago.  A  similar  series  of  evente 
accompanied  the  preceding  recession  of  the  ice  front,  and  also,  in 
reverse  order,  the  readvance  of  the  ice  which  formed  the  red  till 
moraines.'  In  the  presonji  incomplete  state  ol'  the  study  one  can 
hardly  forecast  the  full  succession  ol  eventa  in  this  basin,  but  it  is 
evidently  so  different  from  Upham'v  conception  that  it  seems  beat 
to  leave  the  naming  of  these  laked  until  a  later  time. 

1  Amar.  OeoL,  vol.  32, 1«CI3,  pp.  lOS-llS  um  330-331. 
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GLACIAL  LAEES   IN   THE    BASIN   OF   LAKE    BUFBRIQB. 

From  the  first  sniall  lakes  at  the  extreme  western  end  of 
the  Lake  Superior  basin  the  glacial  waters  expanded  in  a  maimer 
similar  to  thoae  just  described  for  the  Lake  Erie  and  Lake  Michigan 
basins.  In  the  earlier  stages,  while  the  lakes  were  small,  there  were 
slight  changes  in  outlet  and  level,  though  the  earlj  stages  had  outlet 
directly  or  indirectly  to  the  St.  Croix  Valley. 

LAKE  DULOTH. 

Finally  came  La^e  Duluth  with  its  outlet  southward  throi^h  the 
BruI6  and  St.  Croix  Valleys.  Lake  Duluth  endured  for  a  much 
longer  time  than  the  earlier  lakes,  and  at  its  lower  levels  expanded 
to  a  lake  of  lai^e  size,  forming  beaches  found  even  on  the  outer  part 
of  the  Keweenaw  peninaula.  Its  outlet  was  cut  down  about  40  feet, 
lowering  the  level  of  the  lake  and  causing  the  formation  of  later 
beaches  below  the  highest. 

Several  lower  beaches  which  have  been  traced  by  Mr.  Leverett 
seem  to  lie  too  low  for  waters  discharging  through  the  St.  Croix 
outlet,  and  hence  may  not  beloi^  to  Lake  Duluth.  These  surest  a 
place  of  overflow  to  the  east  and  south,  around  the  hills  south  of 
Marquette.  The  outlet  indicated  by  these  beaches  has  not  yet  been 
determined.  These  are  rather  weak  beaches,  and  suggest  the  possi- 
bility of  submei^ence  in  consequence  of  a  readvance  of  the  ice  after 
they  were  made.    There  is  independent  evidence  of  such  a  readvance. 

GLACIAL  LAKES   IN   THE   BDPEBIOB-HICHIQAN-HUBON   BASIN. 
LAKE  ALOOMQUIN.i 

In  the  outline  given  above  the  succession  of  lakes  in  each  of  the 
upper  three  basins — those  of  Lakes  Huron,  Michigan,  and  Superior — 
were  given  down  to  the  time  when  the  glacial  waters  in  all  three 
basins  were  about  to  merge  into  one  great  lake.  This  larger  body 
is  called  Lake  Algonquin,  and  its  upper  beach  is  one  of  the  strongest 
and  most  persistent  shore  lines  in  the  Great  Lakes  r^on.  At  its 
greatest  extent,  as  shown  in  figure  7,  this  lake  covered  an  area  con- 
siderably larger  than  all  three  of  the  present  upper  Great  Lakes. 

When  the  lake  waters  fell  away  to  lower  levels  from  Lake  Warren 
they  uncovered  for  the  first  time  the  low  lands  between  Lakes  Huron 
and  Erie.  This  low  land  divided  the  waters  into  two  separate  lakes 
and  inaugurated  for  the  first  time  the  flow  of  the  St.  Clair  and 
Detroit  Kivers. 

Lake  Algonquin  may  be  divided  into  four  stages:  (1)  Early  Lake 
Algonquin,  confined  to  the  south  part  of  the  Lake  Huron  basin, 
outlet  at  Fort  Huron;  (2)  Eirkfield  stage,  covered  all  of  the  upper 

lapmoer.I.W.,  Am-IniT.  acL,3,Ti)1.41,Ju.  mi,  pp.  13^1.  OoldUnnlt,  I.  W.,  BnlL  OMLBao; 
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lakes,  outlet  at  Eirkfield,  Ontario,  uplift  in  north  begins;  (3)  Fort 
Huron-Chicago,  or  Fort  Huron  stage,  outlets  at  both  of  these  places 
at  first,  but  rapidly  diminishing  at  Chicago  and  increasing  at  Fort 
Huron.  Main  great  uplifts  occur  in  this  stage  and  cause  great 
tilting  and  divergence  of  beaches  at  the  north.  Three  groups  of 
beaches  formed:  (a)  Upper  Algonquin  group,  (J)  BatUefield  group, 
and  (c)  Fort  Brady  group.  Most  rapid  uplift  was  during  Bat^efield 
group,  (4)  closing  transition  stage  leading  to  Nipissing  Great  Lakes. 
Outlet  eastward  to  Ottawa  Valley. 

(1)  Early  Lake  Algonquin. — At  its  b^inning,  Lake  Algonquin 
probably  had  a  brief  stage,  when  it  was  confined  entirely  to  the 
southern  half  of  the  Lake  Huron  basin.  (Fig.  6,  ice  border  at  position 
A.)  The  ice  front  then  rested  against  the  highlands  which  bound 
the  two  sides  of  the  southern  half  of  Lake  Huron,  aa  shown  by  the 
moraines  in  both  Michigan  and  Ontario.  This  stage,  however,  was 
of  relatively  short  duration,  for  the  ice  front  was  so  far  north  at  ita 
beginning  that  a  very  slight  additional  retreat  opened  passages  to 
the  east  and  northwest  and  lower  outlets  were  available  in  both 
directions — to  the  east  to  Georgian  Bay  and  the  Trent  "Valley  in 
Ontario  and  to  the  northwest  to  Lake  Chic^o  and  through  this  to 
the  Chicago  ouUet.  These  two  passages  probably  opened  nearly  at 
the  same  time.  From  the  fact  that  no  separate  beach  or  outlet  is 
known  for  this  stage,  it  might  be  thought  that  this  lake  is  wholly 
hypothetical  and  its  existence  entirely  uncertain.  But,  besides  the 
logical  consequences  of  the  relation  of  the  ice  sheet  to  the  highlands 
(fig.  G),  the  early  distributaries  of  the  St.  Clair  and  Detroit  Rivers 
seem  inexplicable,  except  as  incidents  of  the  transition  from  Lake 
Lundy  to  a  lower  stage  corresponding  to  Early  Lake  Algonquin. 
And  further,  the  five  short  gorges  which  Niagara  River  made  in  the 
Niagara  escarpment  during  its  early  flow,  which  was  of  relatively 
short  duration,  show  conclusively  that  Niagara  River  then  had  a 
volume  as  largo  or  very  nearly  aa  laige  as  at  present,  and  this  could 
not  have  been  the  case,  except  by  a  laige  contribution  of  water  to 
Lake  Erie  from  the  north.  This  was  clearly  before  the  opening  of 
the  Kirkfield  outlet  in  Ontario.  The  dischatge  from  Early  Lake 
Algonquin  was  larger  than  might  be  expected,  because  this  lake 
received  a  lai^e  affluent  from  the  east,  from  the  region  of  the  Notta- 
wasaga  Valley  and  Lake  Simcoe  in  Ontario,  and  also  a  large  amount 
directly  from  the  ice  barrier. 

(2)  Tie  Kirkfield  stage. — ^There  seems  to  be  no  reason  to  suppose 
that  the  Chicago  outlet  was  at  this  time  low  enough  to  take  the  whole 
discharge  from  Port  Huron.  On  the  other  hand,  the  Trent  Valley 
outlet  at  Kirkfield,  Ontario  (fig.  7),  was  surely  low  enough,  and  aa 
soon  as  it  opened  the  overflow  went  to  the  Trent  Valley  and  the 
level  of  the  lake  fell  below  the  outlets  at  Port  Huron  and  Chicago, 
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for  the  character  of  the  outlet  channel  at  Kirkfield  and  bdov  shows 
that  it  carried  the  hill  discharge  of  the  upper  lakes  for  a  considerable 
length  of  time.  Indeed,  the  principal  or  upper  strand  of  the  Algon- 
quin group  of  beaches  is  remarkably  strong  and  continuous,  not  only 
in  the  southern  parts  of  the  basins,  but  runs  on  unbroken  in  the  same 
character  far  toward  their  northern  sides.  If  there  are  parts  where 
this  beach  was  not  formed  they  must  be  limited  to  the  far  north, 
for  it  is  strongly  developed  on  the  high  ground  north  of  Sault  Ste. 
Marie,  Ontario.  Apparently  during  the  time  of  the  making  of  the 
upper  strand  no  part  of  the  lake  was  subject  to  deforming  or  warping 
influences,  and  the  outlet  was  at  Kirkfi^d. 


At  lei^^th,  when  the  ice  sheet  had  almost  entirely  disappeared  from 
the  lake  basins,  a  great  movement  of  differential  elevation  began  to 
raise  the  land.  This  movement  affected  a  vastly  greater  area  than 
that  of  the  Great  Lakes,  but  within  this  area  it  affected  the  northern 
parts  most.  South  of  a  line  running  through  the  middle  of  the 
"thumb"  of  Michigan  (fig.  7)  and  across  the  south  arm  of  Lake 
Huron  in  a  course  about  S.  68"  E.  and  N.  68"  W.  and  also  south  of  a 
line  running  westward  across  Lake  Michigan  from  a  point  south  of 
Frankfort,  the  Algonquin  beach  was  not  affected  at  all  by  the  uplift. 
This  line  was  a  sort  of  "hinge"  line  for  the  movement.  Kiricfield,  at 
the  head  of  the  Trent  Valley  outlet  (fig.  6),  was  well  within  the  region 
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of  strong  uplifting,  so  that  probably  early  in  the  movement  it  was 
raised  to  a  position  higher  than  the  outlet  at  Port  Huron.  The  Kirk- 
field  outlet  was  then  abandoned  and  the  discharge  was  shifted  to 
Chicago  and  Port  Huron.  South  of  the  isohase  of  Kirkfield  the 
Algonquin  beach  seen  to-day  is  not  the  first  beach  made  when  the 
Kirkfield  outlet  carried  the  whole  discharge,  but  is  a  transition  beach 
made  when  two  or  probably  three  outlets  were  active  at  once.  This 
might  be  called  tite  Algonquin  transition  or  three-outlet  beach. 
But  the  name  Algonquin  beach  has  generally  been  applied  to  the 
whole  strand.  The  original  Algonquin  beach  is  now  seen  only  in  the 
region  north  of  the  Kirkfield  isohase.  While  the  Kirkfield  outlet  was 
active  and  carried  the  whole  discharge,  the  isohase  of  that  outlet 
served  as  a  nodal  line  on  which  the  water  plane  swung,  and  the  shores 
to  the  north  of  it  were  left  dry  and  those  to  the  south  of  it  submerged. 

The  uplifting  and  tilting  continued  in  the  region  north  of  the  hinge 
line  and  progressed  with  increasing  rapidity.  Since  it  was  aban- 
doned, the  outlet  at  Kirkfield  has  been  raised  altogether  something 
more  than  270  feet,  for  it  now  stands  295  feet  above  the  level  of 
Georgian  Bay,  and  Lake  Huron  in  the  meantime  has  been  lowered 
25  feet  by  the  erosion  of  its  outlet  at  Fort  Huron.  Farther  i:orth 
and  northeast  the  movement  of  elevation  was  still  greater. 

From  the  fact  that  the  Kirkfield  outlet  appears  to  have  carried  t;iie 
whole  discharge  of  the  upper  three  lake  basins  and  that  it  was  uplifted 
and  abandoned  rather  late  in  the  life  of  Lake  Algonquin,  the  con- 
clusion follows  that  while  this  outlet  was  active  the  Chicago  and 
Port  Huron  outlets  were  both  left  dry.  This  means  that  during  this 
time  the  shores  of  Lake  Algonquin  throughout  all  the  r^ion  south 
of  the  isohase  of  Kirkfield  stood  at  a  level  at  least  a  little  below  these 
two  outlets.  Hence,  the  upper  Algonquin  beach  south  of  the  isobase 
of  Kirkfield  was  not  made  during  the  principal  activity  of  that  outlet, 
but  during  the  transition  (two  or  possibly  three  outlet)  stage  of  the 
lake,  when  &  considerable  part  of  the  overflow  had  left  Kirkfield  and 
gone  to  Chicago  and  Fort  Huron,  It  is  therefore  a  transition  beach. 
Its  principal  making  and  the  gradual  lowering  of  the  lake  for  10  feet 
or  more  was  while  the  overflow  was  at  both  Chicago  and  Fort  Huron. 
The  character  of  the  Algonquin  beach  ^p«es  remarkably  well  with 
this  conception  of  Lake  Algonquin's  history. 

(3)  The  Port  HvjmrChicago  stoi?e.— When  the  Kirkfield  outlet  was 
abandoned,  it  seems  probable  that  the  overflow  went  first  in  greater 
part  to  Chicago,  leaving  only  a  relatively  small  part  to  flow  south  at 
Fort  Huron.  But  the  Chicago  outlet  rested  on  a  rock  sill  and  held 
firm,  while  that  at  Port  Huron  was  deepened  with  relative  rapidity, 
so  that  by  the  end  of  Lake  Algonquin  the  lake  level  had  fallen  10  feet 
and  the  Port  Huron  outlet  had  taken  almost  all  the  overflow  away 
from  Chicago.    The  Niagara  Gorge,  which  reflects  in  its  magnitude 
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Aa  Tolome  of  Niagara  Biver,  indicates  th&t  the  domination  of  the 
outlet  at  Chicago  endured  for  only  a  relatively  short  time,  for  the 
Niagara  River  in  the  early  part  of  the  Fort  Huron  stage  of  Lake 
.Algonquin  made  the  widest  section  in  the  whole  goi^.  The  time  of 
this  leige-volume  discharge  at  Chicago  was  the  time  when  the  Tole- 
ston  beach  was  made,  and  if  there  was  a  beach  of  Lake  Chicago  there 
before  and  controlled  by  the  same  sill,  it  must  have  been  overwhelmed 
and  worked  over  entirely  by  Lake  .Algonquin  waters.  From  this 
point  of  view  Toleston  is  in  reality  only  a  local  name  for  the  iJgon- 
quin  beach  aa  developed  in  the  southern  part  of  the  Laka  AQchigan 
Basin. 

It  was  during  the  third  or  Port  Htiron-Chic^o  st^e  of  Lake 
.Algonquin  that  the  latter  part  of  the  remarkable  uplift  of  the  Great 
Lakes  r^on  occurred.  It  began  when  the  EirkGeld  outlet  was 
active,  but  soon  raised  Kirkfield  to  a  higher  altitude  than  Port  Huron 
and  Chicago,  to  which  places  the  outflow  was  then  shifted.  The 
uplift  caused  a  remarkable  northward  splitting  and  divergence  of 
the  beaches  below  the  hi^est  Algonquin  beach.  As  a  consequence 
the  beaches  of  this  stage  are  many  in  number  and  show  a  large 
vertical  divergence  northward.  They  seem  to  fall  readily  into  three 
groups,  (a) '  the  upper  or  main  Algonquin  group,  (i)  the  Battlefield 
group,  and  (c)  the  Fort  Brady  group.  The  main  uplift  began  durii^ 
the  second  or  Kirkfleld  stage,  as  pointed  out  above,  but  the  much 
greater  part  occurred  during  the  third  or  Fort  Huron-Chicago  stage, 
and  the  most  rapid  movement  was  during  the  making  of  the  Battle- 
field group  of  beaches.  At  Sault  Ste.  Marie  the  vertical  interval 
between  the  highest  Algonquin  and  the  Nipissing  beaches  is  365  feet, 
while  in  the  area  of  horizontality  the  interval  between  these  same 
beaches  is  ]0  or  12  feet.  Coleman  reports  a  beach  at  Lake  Gondreau 
(fig.  10)  at  1,500  feet.  This  may  be  the  highest  Algonquian  strand, 
and  ia  nearly  900  feet  above  that  beach  at  Port  Huron. 

For  some  distance  north  from  the  hinge  line  the  upper  Algonquin 
beach  rises  gradually.  It  then  begins  to  rise  more  rapidly  and  begins 
also  to  apUt  into  a  vertically  diverging  series  of  subsidiary  strands 
which  are  separated  by  wider  and  wider  vertical  intervals  toward  the 
north.  This  spUttii^  of  the  strands  shows  that  the  land  was  being 
differentially  elevated  during  the  life  of  the  lake.  The  different 
strands  are  not  of  the  same  strength  nor  are  they  equally  spaced 
vertically,  showing  apparently  that  the  uplifting  movement  was  not 
steady  in  its  progress,  hut  was  irregular  and  was  marked  by  a  number 
of  pauses  of  more  or  less  length.  The  idea  held  formerly  that  the 
postglacial  uplifts  of  the  land  in  the  Great  Lakes  region  were  gradual 
and  that  they  were  evenly  distributed  through  time  is  an  error.  The 
upliftii^  movements  were  evidently  quite  spasmodic  and  relatively 
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sudden  and  rapid.  Almost  all  the  deformation  occurred  during  and 
since  the  later  part  of  the  life  of  Lake  Algonquin. 

(4)  Closing  transition  stage. — At  its  very  end  Lake  Algonquin 
appears  to  have  been  held  up  by  a  pelatirely  small  glacial  barrier  at 
some  point  in  the  Ottawa  Valley  east  of  Mattawa.  (Fig.  6,  ice  border 
position  A'.)  When  this  last  dam  broke  out  or  shrank  back  north- 
ward the  waters  rushed  eastward  from  Lake  Algonquin  through  the 
Mattawa  Valley  to  lakes  in  the  Ottawa^  Petawawa,  and  Madawaska 
Valleys-  (fig.  6,  ice  border  at  position  A"),  Bud  thence  to  the  Cham- 
plain  Sea,  and  came  to  a  settled  level  in  the  upper  lake  basins  only 
when  the  eastward  flowing  outlet  had  been  established  on  the  col 
at  North  Bay. 

The  relation  in  time  of  Iiakes  Algonquin  and  Iroquois  ia  a  matter 
of  great  importance  in  connection  with  the  study  of  the  deformation 
of  the  land.  There  are  certain  facts  that  seem  to  show  that  Lake 
Iroquois  had  already  been  established  when  the  EJrkfield  outlet  first 
opened.  The  outlet  river  of  Lake  Algonquin  has  been  called  by 
Spencer  the  Algonquin  River.  The  scoured  bed  of  this  great  river  is 
quite  evident  between  the  small  lakes  of  the  Trent  Valley.  At  Peter- 
boro  an  expanded  part  of  the  valley  which  stood  so  near  the  level 
of  Lake  Iroquois  that  it  may  have  been  a  land-locked  hay  of  that 
-  lake  is  filled  with  a  great  deposit  of  gravel  and  sand.  This  appears 
to  be  a  delta  deposit  of  the  Algonquin  River  and  seems  to  show 
conclusively  that  this  river  emptied  into  Lake  Iroquois,  But  the 
scoured  channel  of  the  Algonquin  River  does  not  stop  at  Peterboro. 
It  appears  to  continue  down  the  Trent  Valley  to  Trenton  and  in  all 
probability  passes  below  the  present  level  of  Lake  Ontario.  (Fig.  6.) 
It  even  passes  below  the  probable  level  of  the  marine  waters  that 
entered  the  Lake  Ontario  basin.  But  below  Peterboro  it  seems  to 
show  decidedly  less  scour  than  above  and  in  some  places  suggests  a 
smaller  stream.  At  present  the  relation  of  this  lower  part  to  the  Lake 
history  ia  quite  problematical,  for  no  other  fact  indicating  so  low  a 
level  for  the  waters  of  the  Lake  Ontario  basin  at  that  stage  ia  known. 
It  may  be  that  while  the  Algonquin  River  was  flowing  t^e  ice  front 
withdrew  far  enough  to  allow  Lake  Iroquois  to  be  drained  oS  for  a 
brief  time,  only  to  be  restored  again  for  another  relatively  long 
period  by  a  readvance  of  the  ice.  There  were  a  number  of  episodes 
of  this  kind  earlier  in  the  lake  history, 

FOST-OLAOIAL  LAKES  OF  TUB   OBEAT  LAKES  BEOION. 

THE  NIFIBSINa  QKEAT  LAKES. 

Witii  the  establishment  of  the  outlet  of  the  upper  three  lakes  at 
North  Bay,  a  new  order  of  things  was  inaugurated.  The  ice  sheet 
had  disappeared  from  the  Great  Lakes  region  and  no  longer  aerved  as 
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a  dam  or  Tetainmg  barrier  for  any  of  its  waters.  The  drawing  of  the 
whole  dischai^e  to  North  Bay  necessarily  caiised  the  abandonment 
of  the  Port  Huron  outlet,  which  had  just  previously  been  active. 
The  new  lake  level,  with  its  outlet  at  North  Bay,  lay  in  a  plane  which 
passed  somewhat,  though  perhaps  only  a  little,  below  the  outlets  at 

'  Fort  Huron  and  Chicago.  During  the  later  differential  uplifting 
of  the  land,  which  occurred  while  the  North  Bay  outlet  alone  was 
active,  the  isohase  passing  through  that  outlet  became  a  nodal  line 
upon  which  the  water  plane  swung.  As  elevation  progressed  the 
strands  to  the  north  of  this  line  were  abandoned  and  left  dry,  while 
those  south  of  this  line  were  progressively  submei^ed  by  t^e  backing 
up  of  the  water. 

litis  order  of  changes  continued  until  the  North  Bay  outlet  was 
raised  as  high  as  that  at  Port  Huron.  Then  both  outlets  became 
active  with  the  discbarge  divided  between  them.  The  beach  made 
at  this  two-outlet  stage  has  been  called  the  Nipissing  beach.  In  a 
strict  seoise,  however,  it  is  not  the  original  Nipissing  beach,  made 
when  t^  North  Bay  outlet  alone  was  active,  hut  a  transitional  beach 
made  during  the  two-outlet  stage.  It  might  be  called  the  Nipissing 
transition  or  two-outlet  beach.  The  original  Nipissing  beach  may 
he  seen  now  only  in  the  northeastern  part  of  the  Lake  Superior  Basin, 
where  a  small  area  Ues  north  of  the  North  Bay  isobase  or  nodal  line. 
This  area,  however,  is  so  small  and  so  close  to  the  nodal  line  that  the 
measurements  thus  far  made  have  not  yet  disclosed  any  difiFerence  in 
the  altitude  of  the  old  water  plane  on  the  two  sides  of  the  line.  The- 
oretically there  should  be  some  difference  and  there  probably  is, 
though  not  yet  worked  out.  South  of  the  line  the  visible  beach  is 
the  transition  or  two-outlet  beach,  the  original  beach  being  everywhere 
submerged.  But  inasmuch  as  no  measurable  change  of  plane  has 
been  foimd  in  crossing  the  nodal  line  the  name  Nipissing  beach  has 
generally  been  applied  to  the  whole  extent  of  the  two-outlet  strand. 
The  Nipissing  beach  thus  defined  (fig.  8)  has  been  traced  with  sub- 

.  Btantial  continuity  around  all  three  of  the  upper  lake  basins  and  is, 
especially  in  the-ottrthem  part  of  the  area,  much  the  strongest  aban- 
doned bea«|t  of  the  Great  Lakes  region.  Its  plane  extends  with 
almost  perfect  uniformity,  and  with  no  certainly  discoverable  warp- 
ing, over  all  the  northern  parts  of  these  basios.  The  uplift  which 
tilted  this  beach  (fiig.  9)  appears  to  have  hinged  about  on  the  same 
line  as  the  eariier  uplifts  which  raised  the  Algonquin  beaches.  South 
of  this  hinge  line  ^e  Nipissing  beach  is  horizontal  at  about  15  feet 
above  present  lake  level.  North  of  it  the  beach  rises  at  the  rate  of 
about  7  inches  per  mile  in  a  direction  about  N.  22°  E.  The  Nipissing 
beach  at  North  Bay  is  now  about  117  feet  above  Lake  Huron,  about  70 
feet^t  Sanlt  Ste.  Marie,  48  or  60  feet  at  Mackinac  ibland,  and  about 
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130  feet  (110  feet  above  Lake  Superior)  at  Peninsula  Harbor,  which  is 
near  the  northeastern  angle  of  Lake  Superior. 
The  Kipissing  beach  showB  remarkably  strong  deTelopment  and 


matority  in  all  the  northern  parts  of  the  basins,  especially  near  Uie 
nodal  line.  It  is  very  strongior  160  miles  or  more  south  of  the  nodal 
line,  but  southward  from  this  line  it  eeems  to  gradually  diminjab  in 
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rtrengtih,  until  in  the  area  of  hoiizontalit  j  it  seema  little  if  any  stronger 
than  the  Algonquin  beach. 

In  the  western  end  of  Lake  Superior  the  Nipieaing  beach  appears 
to  pass  a  little  under  the  present  lake  level,  a  relation  which  probably 
accounts  for  the  drowned  condition  of  the  shores  and  stream  mouths 
of  that  region. 

Suppo3ing  a  short  period  of  southward  dischaige  passed  Fort  Huron 
at  the  time  of  early  Lake  Algonquin,  then  the  Port  Huron  outlet  and 
the  St.  Clair  and  JDetroit  Rivers  have  twice  been  abandoned  and  left 


dry,  and  at  both  times  Niagara  River  was  robbed  of  the  overflow  of  the 
iq>per  three  lakes. 

The  Nipissing  Great  Lakes  came  to  an  end  when  the  northern 
tq)]ift  raised  North  Bay,  so  that  that  outlet  was  left  dry  and  the  whole 
discharge  returned  to  Port  Huron.  With  this  change  the  modem 
Qreat  Lakes  have  their  beginning. 

THS  P0ST-N1FI88IN0  OBKAT  LAKES. 

ffince  the  overflow  came  back  to  Port  Huron  the  northern  uplifts 
in^  has  continued,  but  apparently  at  a  relatively  slow  rate,  for  there 
ba  numerous  series  of  fainter  beaches  on  the  slope  below  the  Nipissing 
hMch.    One  eepeci^y  is  slightly  stronger  than  the  rest  and  seems 


324  AHNUAI,  EBPOBT  SMITHBONIAN  INSTITTJTION,  1912. 

to  mark  a  pause  in  the  uplifting  moTement.  This  beach  is  well 
developed  at  Algoma  Mills,  Ontario,  and  is  called  the  Algoma.  beach. 
At  that  place  the  Nipiseing  heach  is  about  85  feet  and  the  Algoma 
about  50  feet  above  Lake  Huron.  Ilie  Algoma  beach  has  been  found 
at  many  places  farther  south,  and  is  s  little  more  than  halfway  up 
from  the  present  shore  to  the  Nipissing  beach. 

On  the  north  shore  of  Lake  Superior  there  is  a  beach  of  moderate 
strength  standing  ia  about  the  same  relation  below  the  Kipissing.  It 
may  be  the  Algoma,  but  it  seems  more  likely  to  be  a  beach  belonging; 
to  the  Lake  Superior  Basin  alone  and  determined  by  the  outlet  of 
that  lake  at  Sault  Ste.  Marie.  It  has  beeax  called  Ihe  Sault  beacK,  and 
appears  to  swing  on  the  isobase  of  that  place  as  on  a  nodal  line.  It  is 
submerged  on  the  south  shore  of  Lake  Superior  and  aroimd  the  west 
end.  It  is  beheved  to  lie  along  the  submerged  base  of  the  Pictured 
Bocks.  The  Algoma  beach  appears  to  be  due  to  a  pause  in  the 
uplifting  movement,  but  the  Sault  beach  is  due  in  all  probability  to 
a  relatively  steady  condition  of  the  lake  level  arising  from  the  estab- 
lishment of  the  barrier  and  outlet  at  Sault  Ste.  Marie. 

LAKE  ERIE. 

After  Lake  Erie  became  separated  from  Lake  Ontario  it  ceased  to 
be  a  glacial  lake,  and  from  that  time  on  it  was  entirely  independent  of 
the  ice  sheet.  By  the  time  the  separation  had  been  accomplished, 
followii^  the  fall  of  Lake  Lundy,  the  basin  of  Lake  Erie  had  prob- 
ably been  brought  nearly  to  its  present  attitude.  In  this  time  it 
has  also  had  two  low  stages,  during  which  it  was  not  receiving  the 
discharge  of  the  upper  lakes.  These  times  were  when  the  Kirkfield 
and  North  Bay  outlets  were  active.  The  Fort  Erie  beach,  declining 
gently  westward  along  its  north  shore  from  Fort  Erie,  Ontario,  where 
it  is  15  feet  above  the  lake,  is  the  correlative  of  Early  Lake  Algon- 
quin and  probably  in  part  also  of  the  Port  Hmvn  stage  of  the  greater 
Lake  Algonquin,  The  two  low-stsge  beaches  made  in  the  basin  of 
Lake  Erie  during  the  Elirkfield  stage  of  Lake  Algonquin  and  during 
the  Nipissing  Great  Lakes  lay  very  nearly  in  the  same  plane,  and 
both  are  now  everywhere  submerged. 


In  the  northern  part  of  the  upper  lakes  there  ore  many  evidences^ 
,  such  as  the  newness  of  the  modem  shore  line  and  the  newness  of 
the  mouths  or  lower  courses  of  streams,  like  the  Nipigon  and  other 
northern  rivers,  which  strongly  suggest  recrait  or  progressing  ^me'- 
gence.  Gilbert  found  what  he  beheved  to  be  evidence  of  pn^res^ 
ing  change  in  the  records  of  the  lake  gauges,  and  he  estimated  Cte 
rate  of  differential  uplifting,  but  recent  investigations  have  math 


OLAGLU.  LAKES— TATLOH.  825 

cbanges  in  the  data  which,  he  used  and  have  nec^sitated  a  modi- 
fication of  his  results. 

Since  the  discharge  returned  to  Fort  Huron  the  St.  Clair  River  has 
cut  down  its  bed  about  15  feet  and  the  Detroit  Kiver  half  that  amount. 
This  has  greatly  reduced  the  effect  of  drowning  of  tributaries  which 
was  produced  at  first  by  the  return  of  the  full  volume  after  the 
period  of  abandonment  dining  the  time  of  the  Nipissing  Great 
Lakes. 

In  the  basins  of  Lakes  Erie  and  Ontario  there  are  many  evidences 
which  indicate  recent  raising  of  the  water  level,  such  as  the  drowned  ^ 
stream  courses  and  submerged  stumps  in  Sandusky  Bay.  These 
facts  seem  at  first  to  sugg^t  that  tilting  of  the  land  was  very  recent 
or  may  still  be  in  progress.  But  the  drowning  effects  in  these  two 
basina,  at  least  to  depths  of  10  or  15  feet,  are  probably  due  to  the 
letum  of  the  large  volume  of  discharge  at  Bufff^o  and  Ogdensburg 
after  the  relatively  long  period  of  small  dischaige  during  the  time  of 
ihe  Nipissii^  Great  Lakes,  and  not  to  recent  or  progressing  uplift 
of  the  land. 


When  the  ice  sheet  withdrew  from  the  basin  of  Lake  Ontario  and 
the  northern  ^ope  of  the  Adirondacks  the  sea  entered  in  its  place 
and  covered  a  large  area.  Its  approximate  limits  (fig.  6)  are  indicated 
by  postglacial  clays,  gravels  and  sands,  which  are  fossilif erous,  and  the 
life  remains  are  largely  of  marine  organisms  such  as  are  now  living 
in  the  Qulf  of  St.  Lawrence.  The  upper  limit  of  the  marine  waters 
was  about  350  feet  at  Plattsburg,  N.  Y.,  and  523  feet  at  Covey  Hill, 
Ontario.  It  was  at  least  460  feet  at  Welsh's  Siding  near  Smith's 
Falls,  Ontario,  and  may  have  been  mudi  more,  for  at  the  last-men- 
tioned place  the  remains  of  a  whale  were  found  in  a  gravel  bed  many 
years  ago,  and  a  TniTiiTniim  upper  limit  of  marine  submergence  is 
definitely  fixed  by  this  occurrence.  The  height  of  marine  submer- 
gence at  Montreal  is  reported  to  be  about  625  feet.  On  the  south 
side  of  the  St.  Lawrence  River  a  well-defined  beach  marks  what  is 
taken  to  be  the  upper  limit  of  the  marine  waters,  and  has  been  called 
by  Gilbert  the  08w^;o  beach.  It  declines  gradually  toward  the 
Bouthweet  and  passes  under  the  present  level  of  Lake  Ontario  about 
at  Osw^o. 

The  changes  in  the  level  of  the  waters  in  the  Lake  Ontario  basin 
Lave  not  been  fully  worked  out,  but  the  marine  waters  appear  to  have 
entered  it  some  time  in  the  later  part  of  the  Port  Huron  stage  of 
Lake  Algonquin.  The  marine  connection  was  through  a  strait  25 
or  30  miles  wide  and,  except  for  a  relatively  narrow  central  depres- 
sion, not  over  40  to  50  feet  deep.    The  uplift  appears  to  hare  been 
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in  progrees  when  the  sea  entered,  and  the  duration  of  the  marine 
connection  was  short.     The  strait  was  soon  raised  above  the  Bea, 


and  at  the  end  of  Lake  Algonquin  sea  level  probably  did  not  extend 
above  Cornwall  and  Pembroke. 
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The  accompanying  diagrammatic  map  (fig.  10)  showa  the  relation 
of  the  Whittlesey  and  Algonquin  hinge  lines  to  the  extreme  border 
of  the  Wisconsin  ice  sheet,  with  three  later  critical  podtions  of  the 
ice  border  and  several  of  the  isobases.  The  hinge  lines  and  isobasee 
in  the  regions  east  and  west  of  the  Qreat  Lakes  are  added  in  order 
to  show  the  general  relations  of  the  deformations  in  those  parts  to 
that  of  the  Te^oa  under  discussion.  The  shore  lines  of  the  glacial 
Lake  Agassiz  are  taken  from  Upham.  (Monograph  25,  U.  S.  Geo- 
logical Survey.)  No  shore  lines  in  the  Great  Lakes  area  are  shown 
excepting  the  Glenwood  or  highest  beach  of  Lake  Chic^o,  the 
Whittlesey  beach,  and  the  correlative  beach  of  Lake  Saginaw.  The 
two  hinge  lines  for  Whittlesey  and  Algonquin  represent  the  isohase 
of  zero  for  each  beach.  Both  are  produced  conjecturally  northwest- 
ward to  the  region  of  the  glacial  Lake  Agassiz.  Two  Nipissing 
isobases  are  shown  in  the  Superior  basin,  and  these  show  a  trend 
quite  different  from  those  of  the  Algonquin.  In  the  Michigan  and 
Huron  basins  the  Nipissing  beach  seems  to  hinge  on  about  the  same 
line  as  the  Algonquin.  The  curved  isobases  in  the  r^ion  south  of 
St.  Lawrence  River  and  east  of  Lake  Ontario  show  the  present  state 
of  knowledge  concerning  the  deformation  of  the  marine  shore  line. 
They  show  the  general  relation  of  the  deformation  of  the  marine  area 
to  that  of  the  Great  Lakes  region.  The  extent  of  the  pre-Cambrian 
or  Old-land  area  is  also  indicated  to  afford  means  for  comparing  it 
with  the  area  of  uplift.  Inasmuch  as  the  uplift  occurred  in  the  course 
of  the  melting  of  the  Wisconran  ice  sheet  and  relief  from  the  ice  load, 
and  inasmuch  as  it  lies  so  largely  within  t^e  glaciated  district,  a 
causal  relation  has  by  some  been  inferred  and  definitely  annoimced. 
The  writer  would  caution  gainst  too  hasty  conclusions  in  this  matter, 
especially  in  view  of  somewhat  discordant  relations  between  the 
boundaries  of  the  ice  and  of  the  uplifted  lands  which  this  di^ram- 
matic  map  will  serve  to  bring  out.  The  writer  will  take  space  he^ 
merely  to  state  that  the  preponderance  of  present  evidence  fq>pearB 
to  be  only  slightly  in  favor  of  resilience  following  depression  by  the 
ice  weight  as  the  main  cause  of  the  uplifting  of  the  land  imd  the 
deformation  of  the  shore  lines  in  the  region  of  the  Great  Lakes. 
Standing  as  a  close  second  to  the  hypothesis  of  ice  weight  is  the  pos- 
sibility of  deformation  of  the  beaches  by  uplifts  of  the  land  incident 
to  crustal  creeping  movements,  which  are  simply  the  most  recent 
impulses  in  a  long  process  of  continental  growth  reaching  hack  into 
the  Tertiary  age.  If  certain  evidences  which  are  now  supposed  to 
indicate  relatively  recent  crustal  creep  toward  the  southwest  are 
substantiated,  the  hypothesis  of  resilience  following  depression  by  ice 
weight  seems  likely  to  become  of  secondary  importance. 
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APPLIED  GEOLOGY.' 


ByALTRBD  H.  Baooxa.' 


The  science  of  geology,  generaJly  r^arded  as  haviiig  originated 
in  the  vague  Bpeculatioos  of  the  cosmogouists  hard^  two  centuries 
ago,  has  to-day  become  of  great  practical  utilitj.  During  the 
past  decade  all  geologic  inreatigations  have  shown  a  marked  ten- 
dency toward  material  problems,  which  is  in  contrast  with  the 
preTioits  decade,  when  the  interests  of  pure  science  were  mudi 
more  strongly  emphasized.  No  one  will  deny  that  economic  or, 
as  I  prefer  to  call  it,  applied  geology  is  attracting  more  and  more 
attention  from  professional  geolc^te.  It  is  appropriate  that  the 
members  of  this  society  should  take  cc^inizance  of  this  trend  in 
geologic  thought,  analyze  the  conditions  which  have  brought  it 
about,  and  decide,  it  may  be,  whether  it  m^es  for  the  good  or  the  , 
evil  of  the  science. 

Before  discussing  this  subject  it  will  be  well  to  attempt  a  defini- 
tion of  the  term  "apphed  geology.'"  Some  appear  to  believe  that 
when  the  geologist  emerges  from  the  tunnel's  mouth  he  is  at  once 
transplanted  into  the  realm  of  pure  science,  and  that  the  miner's 
candle  illuminates  only  the  so-called  practical,  or  even  commercial, 
problems.  I  submit  that  such  opinions  are  not  justified.  The 
surveys  made  as  a  basis  for  geolc^c  maps  and  structure  sections, 
mually  daased  as  belonging  to  the  realm  of  pure  science,  often 
yield  results  which  are  the  most  concrete  examples  of  applied  geology. 
On  the  other  hand,  the  exhaustive  study  of  mineral  deposits  is  essen- 
tial to  the  solution  of  many  fundamraital  geologic  problems.  A 
close  analysis  will  make  it  evident  that  the  line  of  demarcation 
between  the  fields  of  pure  and  applied  geology  is,  in  a  large  measure, 
arbitrary.  The  collection  to-day  of  a  hew  group  of  facts  or  the 
determination  of  new  principles  relating  to  pure  science  may  result 
to-morrow  in  their  application  to  industrial  problems.  Mr.  Gilbert 
has  recognized  two  fields  of  geologic  research,  the  one  embracing 
the  study  of  local  problems  of  stratigraphy,  structure,  etc.,  the 
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other  the  general  prohlems  of  geologic  philosophy,  and  has  shown 
that  both  may  yield  results  of  the  highest  industrial  importance. 
As  David  Paige  has  expressed  it: 

There  indeed  can  be  no  antagonism  between  science  and  art,  between  theoretical 
knowledge  and  its  economic  application.  The  practica]  expression  of  a  truth  can 
never  be  divorced  from  its  theoretic  conception. 

If,  in  spite  of  what  has  been  said,  the  two  fields  of  science  are  to 
be  differentiated,  applied  geology  may  be  defined  as  the  science 
which  utilizes  the  methods  and  principles  of  pure  geology  to  supply 
the  material  needs  of  man. 

While  the  present  tendency  of  geologic  scinice  toward  the  inves- 
tigation of  problems  of  everyday  life  is  patent  to  all,  yet  it  is  desir- 


FlO.  l-'-OBOLoaiC  rOBUClTIONS.   SUTB  urn    FBDtBiL   APrBOFRUTIOHS   r 


able  to  express  this  tendency  quantitatively.  For  this  purpose 
I  have  determined  the  percentage  of  geologic  publications  issued 
annually  during  the  last  quarter  of  a  century  devoted  in  part  or 
entirely  to  applied  geology.  The  result  of  this  analysis  is  graphically 
presented  in  the  diagram  (fig.  1),  in  which  the  one  curve  represents 
the  total  number  of  publications;  another,  those  classed  as  bearing 
upon  applied  geology.  This  diagram  is  based  on  an  actual  count, 
judging  by  the  titles,  of  the  publications  included  in  the  annual 
bibliography  of  North  American  geology.  It  is  conceded,  of  course, 
that  a  mere  enumeration  of  titles  is,  at  best,  but  a  crude  method, 
which  neither  takes  into  account  the  extent  of  the  individual  pub- 
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Ucations  nor  attempts  to  appraise  their  value  to  scieDce.  However, 
I  trust  it  will  serve  as  a  rough  measure  of  the  activities  of  North 
American  geologists.  On  this  basis  the  diagram  clearly  records  a 
very  rapid  increase  during  the  past  decade  in  the  ratio  of  publications 
dealing  with  applied  geology  to  the  total  of  geologic  literature. 

The  figures  show  that  applied  geology  was  at  its  lowest  ebb  in 
1890,  when  only  12  per  cent,  and  at  its  highest  flood  in  1909,  when 
47  per  cent  of  the  total  publications  related  to  this  subject.  To 
consider  the  percentage  of  economic  papers  by  decades:  In  the 
10  years  ending  in  1895  the  average  whs  22  percent;  for  the  following 
decade,  30  per  cent;  and  for  the  last  5  years,  44  per  cent. 

Another  measure  of  this  trend  in  geology  has  been  obtained  by  a 
similar  classification  of  the  publications  of  the  United  States  Geo- 
logical Survey.  The  result  of  this  raiumeration  is  shown  in  a  second 
diagram  (fig.  2).  In  this  it  will  be  seen  that  in  1890  less  than  1 
per  cent  of  the  publications  issued  by  the  Federal  Survey  treated 
of  applied  geology,  and  in  1910  the  percentage  was  98.  Considering 
it  by  decades :  For  the  10  years  ending  in  1895  the  averse  of  economic 
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papers  was  11  per  cent  of  the  total  number  of  publications;  in  the 
following  decade,  71  per  cent;  and  in  the  last  5  years,  92  per  cent. 

These  figures  are  not  to  be  interpreted  as  evidence  tliat  pure  science 
has  not  been  recognized  in  these  publications  of  the  Federal  survey. 
I  have  classed  with  the  applied  geology  group  all  publications  which 
treat  in  any  measure  of  this  subject,  thou^  many  of  them  deal  chiefly 
with  problems  of  more  purely  scientific  interest.  For  example,  the 
geolt^io  folios,  which  include  some  of  the  most  notable  contributions 
to  pure  science,  are  here  included  in  the  literature  of  applied  geology. 
To  me  it  is  less  surprbing  that  nearly  all  the  recent  publications 
contain  some  practical  deductions  than  that  most  of  those  of  20  years 
ago  omitted  ell  data  of  this  kind. 

The  marked  tendency  toward  practical  problems,*  as  indicated  by 
these  figures,  is  by  no  means  confined  to  one  organization,  for  it  is 
exhibited  in  the  same  degree  by  State  surreys  and  is  also  reflected 
in  the  work  of  the  universities.  Nor  is  it  limited  to  this  continent, 
for  countries  as  widely  separated  geographically  and  in  scientific 
traditions  as  South  America,  Japan,  and  Germany  show  similar 
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BigDS.  ETBiywhere  geolc^c  research  of  practical  problems  is  recair- 
ii^  more  and  more  support,  both  publicly  and  privately. 

It  is  pertinent'  to  con^der  the  attitude  of  the  public  at  large  toward 
this  economic  tendency.  There  are  undoubtedly  those  who  believe 
that  iha  direction  of  scientific  work  should  rest  entirely  with  the 
investigator  and  not  with  the  people.  Let  them  bear  in  mind  that 
geologic  investigations,  since  Uiey  involve  heavy  expenditures  and 
trespass  on  private  property,  can,  for  the  most  part,  be  properly  car^ 
ried  on  only  throu^  Government  agencies,  in  this  differing  from 
such  sciences  aa  chemistiy,  ph^ice,  or  biolt^,  which  can  be  fur- 
thered by  private  me^ns.  If  geologic  surveys  are  properly  a  function 
of  the  State,  in  the  last  analysis  the  people  must  be  the  final  arbiters 
as  to  what  phase  of  the  science  is  to  be  emphasized.  In  our  democ- 
racy the  citizen  has  a  right  to  inquire  what  he,  as  a  m«nber  of  the 
body  politic,  is  gaining  by  expeudituies  from  the  pubUc  purse. 

It  is  estimated,  on  the  best  data  available,  that  during  the  past 
quarter  century  the  total  grants  for  geologic  work  made  by  ^Ate 
and  Federal  Governments  aggregate  over  $8,000,000.  This  may  be 
r^arded  ad  evidence  of  public  confidence.  More  significant  to  the 
present  discussion  is  the  annual  grant  of  funds  during  this  interval, 
and  this  is  illustrated  by  a  curve  on  the  same  diagram  with  those 
showing  character  of  publications  (fig.  1).  This  curve  is  in  part  based 
on  estimates,  but  these  are  without  doubt  sufficiently  accurate  to 
indicate  that  the  total  annual  appropriations  of  State  and  Federal 
'  Governments  for  geology  have  been  alimented  at  a  rate  which 
proves  that  they  are  affected  by  some  other  factor  than  that  of  in- 
crease of  population.  The  annual  grant  of  funds  is  now  more  than 
double  that  of  25  years  ago.  It  is  probably  safe  to  interpret  this  as 
indicating  l^t  the  present  economic  tendency  in  geology  is  approved 
by  the  people  of  the  United  States.  The  close  paralldsm  between 
the  lines  marking  the  publications  relating  to  applied  geology  and 
the  annual  allotments  of  puUic  funds  for  geologic  surveys  is  probaUy 
not  entirely  fortuitous. 

Perhaps  the  best  measure  of  popular  confidence  in  the  resulta  erf 
geologic  researdi  is  the  number  of  different  geologic  oiganizations 
supported  by  pubHc  funds.  We  are  apt  to  credit  the  obtaining  of 
Government  support  for  this  or  that  research  entirely  to  some  indi- 
vidual or  oi^anization,  forgettii^  that,  until  the  general  puUio  has  in 
a  meastire  been  persuaded  of  its  value,  all  efforta  would  be  uselees. 
Therefore,  when' we  find  geologic  surveys  throughout  the  country 
supported  by  Commonwealths  having  widely  different  eocial  and 
industrial  conditions,  it  is  fair  to  presume  that  the  average  citizen  has 
.'..'quired  the  belief  that  these  are  attaining  results  beneficial  to  the 
',  nmunity.  The  numerical  increase  of  State  geolc^c  surveys  during 
tju.  last  25  years  is  illustrated  by  the  curve  on  the  di^yam  before  you 
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wbioh  marlffl  the  percentago  of  total  number  of  Statea  supporting 
geQl<^c  work  (%.  1).  In  18S6,  24  per  cent  of  the  St&teB  bad  geo- 
logic surveys;  in  1896  the  percentage  was  42,  and  in  1910,  80. 

This  growing  public  interest  is  also  manifested  by  the  increase  in 
geologic  teaching  at  colleges  and  univeraitiee,  I  interpret  the  sts- ' 
tistics  published  by  Prof.  T.  C.  Hopkins  aa  indicating  that  in  1886 
there  were  about  220  of  the  higher  institutions  of  learning  in  which 
geology  was  taught,  while  in  1894  there  were  378.  Of  these,  51  had 
geolc^  organized  as  a  separate  department.  I  have  been  unable  to 
find  any  more  recent  data  on  geologic  education,  but  that  it  has  made 
great  strides  in  the  last  17  years  will  be  conceded  by  all.  I}>  will  also 
be  generally  admitted  that  the  teaching  of  economic  geology  is  receiv- 
ing constantly  greater  attention  in  the  colleges  and  technical  schools. 
More  significant  evidence  of  the  present  status  of  geoli^y  among  the 
people  is  the  fact  of  the  laige  number  of  geologists  now  in  private 
employment.  There  are  many  professional  geologists  who  are 
engE^ed  in  consulting  practice.  Nearly  every  lai^e  mining  company 
and  many  railways  include  in  their  personnel  one  or  more  geologists. 
In  a  commercial  directory  of  mining  experts  recently  published  fully 
10  per  cent  classed  themselves  as  geologists,  while  an  edition  of  the 
same  directory  issued  10  years  ago  included  only  one  who  claimed  to 
be  a  geologist.  While  at  that  time,  as  now,  many  mining  ei^ineeiB 
were  in  fact  professional  geologists,  they  did  not  care  to  advertise  the 
fact. 

All  this  indicates  that  applied  geology  has  during  Uie  last  two 
decadee  become  a  dominating  element  in  our  geologic  work;  also  that 
this  tendency  toward  industrial  problems  pervades  all  geologic  inves- 
tigations, whetherunder  Federal,  State,  or  private  auspices.  Further- 
more, it  has  been  made  evident  that  tim  trend  Jis  not  limited  to  the 
North  American  Continent,  but  is  world-wide.  It  is  dear,  also,  that 
since  emphasis  has  been  laid  upon  the  economic  side  there  has  been  a 
marked  increase  in  the  support  given  to  geolc^c  work,  from  which 
fact  may  be  drawn  the  logical  conclusion  that  the  public  indorses  this 
pdicy.  It  does  not  necessarily  follow  that  this  dominating  practical 
note  in  geok^y  has  made  for  the  advancement  of  the  soieuoe.  Before 
discussing  this  important  question  it  will  be  well  to  trace  briefly  the 
origin  of  geology  as  an  apphed  science. 

It  seems  to  be  generally  assumed  that  the  application  of  geology 
to  industry  was  not  attempted  until  after  its  development  into 
a  more  or  less  comidete  rational  science.  It  can  not  be  denied  that 
the  application  of  the  principles  of  a  science  must  await  the  estab- 
lishment of  those  principles  through  scientific  inquiries.  It  is 
true,  however,  that  long  before  geology  had  developed  aa  a  science 
men  observed  the  geologic  phenomena  that  bore  on  certain  tocup 
tions  and  often  correctly  interpreted  such  observations. 
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The  science  of  applied  geolog;f,  therefore,  had  its  origin  among 
those  who,  iiko  the  miners,  were  by  Tocation  brought  into  iotir- 
mate  contact  with  natural  phenomeQa.  Many  of  the  elementary 
^  facts  relating  to  mineral  deposits  were  forced  on  the  attention  of 
the  miner,  and  as  the  correct  interpretation  of  these  facts  added 
to  his  material  welfare,  some  deductive  reasoning  was  undoubtedly 
applied.  The  rudimentary  conceptions  thus  formed  were  more 
likely  to  be  correct  than  those  of  the  early  closet  academician, 
whose  science  for  generations  began  and  ended  in  pure  speculation. 

Therefore,  to  trace  the  origin  of  applied  geology  the  oldest  archives  . 
treating  of  mining,  quarrying,  agriculture,  engineering,  and  mineral- 
ogy must  be  searched — a  task  which  has  been  quite  beyond  me. 
And  reaching  far  back  of  any  written  record  was  the  traditional  lore 
bearing  on  geologic  phenomena  of  countless  generationa  of  miners 
and  husbandmen.  Even  the  man  of  the  stone  age  must  have  sub- 
consciously acquired  knowledge  of  the  distribution  of  the  materials 
which  he  fashioned  into  implements  of  the  chase  and  war.  If  we 
are  to  allow  our  imagination  fuU  scope,  we  can  conceive  of  some 
primitive  economic  geologist  who,  by  £nding  a  deposit  of  copper  and 
revealing  the  superiority  of  the  new  material  for  weapons,  became 
the  hero  of  his  tribe. 

While  our  Aryan  ancestors  appear  to  have  been  ignorant  of  the 
use  of  metals  when  they  first  invaded  the  Mediterranean  countries, 
yet  they  acquired  a  knowledge  of  them  from  the  Semitic  races 
long  before  the  dawn  of  history.  In  winning  these  metals  primitive 
man  used  methods  which  required  neither  any  high  degree  of  tech- 
nical skill  nor  a  knowledge  of  the  form  of  their  occurrence.  Mining, 
being  second  only  to  agriculture  in  its  importance  to  the  human 
race,  became  more  systematized  with  the  progress  of  civilization. 
By  the  time  historical  records  began  the  recovery  of  metajs  and  the 
quarrying  of  building  stones  were  well-developed  arts,  and  there  ia 
no  reason  to  suppose  that  tiie  mode  of  occurrence  of  the  deposits 
exploited  were  ignored  by  those  whose  livelihood  was  involved. 

The  rulers  of  this  early  period,  keenly  alive  to  the  value  of  the 
metals,  undoubtedly  caused  this  source  of  wealth  and  power  to  be 
investigated  by  able  men.  It  is  recorded  that  Philip  <^  Macedon 
evinced  his  interest  in  mining  by  examining  in  person  some  under- 
ground workinga  in  Thrace.  Jason's  search  for  the  golden  fleece 
pictures  tite  prospector  of  those  days  as  a  national  hero.  In  any 
event,  it  is  certain  ibat  millions  of  ounces  of  gold  and  silver  and 
many  tons  of  copper,  as  well  as  tin  and  iron,  had  been  produced 
centuries  before  the  Christian  era.  We  must  believe  that  this 
production  indicates  a  sufficiently  developed  industry  to  employ 
not  only  skilled  artisans  but  also  thosa  who  delved  deeper  into 
the  problems  of  mining.    The  ancient  Egyptians  were  eminently 
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|»acticat  and  developed  a  high  degree  of  skill  in  certain  branches 
of  engineering.  Undoubtedly  the  Egyptian  engineers  paid  some 
heed  to  the  distribution  of  building  stones  aa  well  as  to  methods 
of  quanying,  while  among  other  peoples  who  excelled  in  metal  mining 
it  is  presumed  there  were  engineers  who  specialized  in  mining  matters, 
aa  do  their  successors  of  to-day. 

It  is  far  easier  to  speculate  on  the  knowledge  the  ancients  may 
have  had  of  some  of  the  principles  of  applied  geoI<^7  than  to  trace 
the  actual  extent  of  this  knowledge.  Ancient  Hebrew  literature 
abounds  in  references  to  the  metals  and  their  utilization,  bat  fur- 
nishes little  due  as  to  what  was  known  of  them.  The  same  is  true  of 
the  records  of  ancient  Egypt,  in  which  both  placer  and  lode  gold  are 
mentioned.  One  document  that  has  come  down  to  us  shows  that 
location  of  mineral  wealth  was  considered  worthy  of  note.  An 
ancirait  papyrus,  dating  about  1350  B,  C,  displays  a  crude  map  for 
the  purpose  of  locating  Nubian  gold  mines.  It  is  one  of  the  oldest 
maps  in  existence  and  the  first  which  can  be  said  to  impart  geolt^c 
information.  The  oldest  written  record  of  geolc^y  or  allied  subjects 
is  Theophrastus's  deecriptions  of  metals,  stones,  and  earths,  dating 
beck  to  315  B.  C.  Pliny's  work  of  four  centuries  later  seems  to  have 
been  the  first  attempt  at  a  complete  treatise  on  minerals  of  economic 
importance,  but  he  was  more  concerned  in  the  utilization  of  the 
metals  than  in  their  mode  of  occurrence.  Other  of  the  ancient 
writers,  notably  Aristotle,  touched  on  geologic  subjects,  but  rather 
from  the  standpoint  of  speculative  philosophy  than  of  interest  in 
material  problems.  Some  of  the  early  geographers  and  historians, 
like  Strabo  and  Herodotiis,  discussed  the  geographical  distribution 
or  the  exploitation  of  metals.  Another  field  of  applied  geolt^ 
is  fomid  in  treatises  on  agriculture  containing  references  to  character 
and  distribution  of  soils.  Even  Virgil  in  his  Bucolics  attempts  a 
practical  classification  of  soils.  As  this  dwells  on  the  physical  rather 
than  the  chemical  properties  of  soil,  it  would  seem  to  have  at  least 
the  merit  of  being  in  accord  with  some  of  the  1  atest  scientific  maxims. 

I  have  dealt  with  this  subject  as  if  the  nations  of  Europe  and 
western  Asia  had  alone  made  advances  in  technolf^y.  Mining  and 
metaJlutgy,  even  in  very  early  times,  were  important  industries  in 
both  India  and  China,  and  it  is  not  unlikely  that  there  may  be  in 
those  countries  a  literature  of  practical  geology  which  antedates  our 
own. 

The  mef^er  records  of  the  early  period  of  mining  give  no  clue  to 
the  knowledge  of  applied  geology  held  by  the  ancients.  But  that 
they  were  not  entirely  ignorant  of  its  principles  is  to  be  presumed 
from  the  importance  of  the  mining  industry,  and  the  absence  of 
written  records  does  not  argue  against  this  theory.    The  same  is  true 
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of  other  arts.  We  do  not  assume,  for  example,  that  the  ptiocipleg 
of  mechajoics  applied  to  structures  were  not  understood  because  there 
were  no  writtoi  treatises  on  architecture  until  centuries  after  many 
periods  of  architecture  had  successivelj  developed  and  declined. 

Scant  Bs  is  the  literature  of  mineralc^j  and  tninirig  up  to  the  early 
part  of  the  Christian  era,  the  succeeding  10  or  12  centuries  are  almpst 
entirely  without  records.  This  was  the  medieval  period  of  intellec- 
tual stagnation — the  eclipse  of  scientific  and  critical  thought.  The 
Arabs,  who  alone  preserved  the  traditions  of  antiquity  duxuig  this 
lapse,  made  considerable  contributions  to  scientific  knowledge,  not 
neglecting  mineralogy.  Aside  from  this,  there  are  only  a  few  minor 
references  to  the  subject  in  the  chronicles  of  that  time. 

WhUe  science  was  neglected  in  the  Middle  Ages,  the  arta  con- 
tinued to  progress,  and  among  these  '"'"ing  was  important.  It 
is  recorded  that  in  Charlemagne's  time  thousands  of  miners  were 
employed  in  the  metal  industry  of  northern  Tyrol,  and  many  other 
countries  made  notable  contributionB  to  the  metallic  wealth  of  the 
world.  Coal  mining  b^an  in  England  and  Germany  in  the  twelfth 
century.  In  fact,  the  mining  industry  assumed  an  importance 
which  att^ts  a  hi^  degree  of  administrative  and  technical  skill. 

With  the  revival  of  learning  in  the  fourteenth  and  fifteenth 
centuries,  scholus  b^an  again  to  ttmi  th^  attention  to  the 
natural  sciences.  At  first  they  labored  solely  to  verify  and  amplify 
the  theories  of  the  ancient  writers,  never  doubting  that  the  classical 
philosophers,  had  encompassed  the  entire  realm  of  human  thought. 
Generations  of  scholars  sought  their  science  in  the  Greek  and  Roman 
Hterature.  But  with  the  Ken&issance  scholastic  thought  was  freed, 
and  then  the  first  epoch  of  scientific  geology  began. 

The  wide  chasm  which  separated  the  academician  from  the 
technician  at  that  time  prevented  any  utilization  of  the  great 
store  of  geologic  facte  accumulated  by  miners.  The  miner  bad 
neither  education  nor  incentive  to  record  the  facts  so  laboriously 
collected;  the  scholar  had  yet  to  realize  that  nature  must  be  studied 
by  observation  and  deduction,  not  by  speculation  alone.  The 
cosmogonist  wrote  his  treatises  on  the  origin  of  the  worid  with-  his 
vision  limited  by  academic  walls,  while  the  miner  held  his  knowledge 
as  important  only  for  his  need. 

Agricola  was  one  of  the  first  scholars  to  collider  the  practical 
problems  of  the  miner.  His  works,  pubhahed  in  the  middle  of  the 
sixteenth  century,  show  both  keen  observation  and  realization  of 
the  importance  of  applied  geology.  The  German  min'tig  industry 
bad  at  that  time  advanced  sufficiently  to  have  a  large  technical 
vocabulary  of  its  own.  But  as  Agricola  wrote  in  X>atin,  he  was 
forced  to  translate  these  technical  terms  as  beet  be  could.  German 
TTiinjng  methods  and  terminology  must  then  have  fotmd  wide  accept- 
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ance  in  Europe,  for  Pierre  Belon,  the  French  naturalist,  recorded 
that  in  1546  they  were  in  use  in  the  Thracian  gold  fields — then 
as  now  a  part  of  the  Ottoman  Empire. 

In  Agricola'fl  day  there  appeared  s  number  of  other  treatisea 
dealing  with  some  phase  of  apphed  geology.  These  were  mostly 
devoted  to  mineralogy,  which  was  destined  to  become  a  science 
long  before  geology  had  passed  beyond  the  speculative  stage.  Most 
of  this  early  literature  was  in  Latin  and  therefore  calculated  to  have 
little  influence  on  nunii^  practice.  It  did,  however,  bring  the 
scholar  into  closer  touch  with  the  phenomena  of  nature  and  thus 
pave  the  way  for  a  rational  science  of  geology. 

In  the  early  history  of  the  science  pure  and  applied  geoli^  caa 
be  compared  with  two  confluent  rivers  having  widely  separated 
sources — the  one  springing  from  the  high  reahn  of  speculative 
philosophy,  the  other  having  a  more  lowly  subterranean  origin. 
These  two  streams  of  thought  gradually  drew  together,  for  a  space 
flowing  side  by  side,  and  finally  merged  into  one  great  stream. 

The  following  passage,  written  by  Peter  Martyr,  in  1516,  while 
describing  the  golden  wealth  of  Hispaniola,  reflects  something  of 
the  status  of  geology  in  his  day: 

They  have  found  by  experience  that  the  Vein  of  gold  i^  a  living  tree,  and  that  the 
tmme  by  all  ways  apreadeth  and  apringeth  from  the  root,  by  the  soft  poree  and  pas- 
sages of  the  Sartb,  putteth  forth  branchee,  even  to  the  uppermost  part  of  ihe  Baith; 
and  ceaaeth  not  until  it  discover  itself  imto  the  open  air;  at  which  time  it  aheweth 
forth  cert&in  beautiful  colours  in  the  stead  of  flowers,  round  stones  of  golden  Earth 
in  the  stead  of  fruits,  and  thin  plates  in  stead  of  leaves.  .  .  .  For  they  think 
Buch  grains  are  not  engendered  where  they  are  gathered,  especially  on  the  dry  land, 
but  otherwise  in  the  Bivers.  They  eay  that  the  root  of  the  golden  Tree  extendeth 
to  the  center  of  the  Earth,  and  there  taketh  nourishment  of  increase:  for  the  deeper 
that  tiiey  dig,  they  find  the  trunks  thereof  to  be  so  much  the  greater,  as  far  as  they 
may  follow  it,  for  abundance  of  water  springing  in  the  Mountains. 

This  fantastic  account  of  gold  deposits  contains  a  sufficient  kernel 
of  truth  to  indicate  that  the  writer  had  at  least  some  comprehension 
of  the  form  of  auriferous  veins  and  their  relation  to  gold  placers. 

One  of  the  earliest  recorded  attempts  of  a  practical  application 
of  geology  ia  that  of  Geoi^  Owen,  a  country  squire  of  W  Jes,  who 
about  1600  prepared  a  lengthy  description  of  Pembrokeshire  in 
which  he  discussed  the  occurrence  of  limestones  and  coal.  He 
appears  to  have  been  the  first  to  note  the  change  of  bituminous  coal 
to  anthracite.  Owen's  practical  purpose  is  made  clear  by  the  fol- 
lowing quotation  from  his  writing: 

...  it  may  be  a  guide  to  some  parties  to  seek  the  lymestone  where  it  yet  lieth 
bidden  and  may  save  labours  to  others  in  seeking  it  where  there  is  no  possibility  to 
find  it. 

While  men  of  the  Agricola  type  were  assembling  and  classifying 
observations  on  minerals  and  ore  bodies,  another  group  of  scientists 
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was  engaged  in  wordy  wars  about  such  probleme  as  to  whether 
fossils  had  been  formed  by  the  influence  of  stars  or  were  the  renmaiits 
of  former  living  organisms.  It  is  noteworthy  that  among  the  most 
rational  contnbutions  to  this  discussion,  which  conttDued  over  a 
century,  were  those  of  Leonardo  da  Vinci  and  Nicholas  Steno,  the 
first  of  whom  based  his  arguments  on  his  own  observations  as  an 
engineer,  while  the  second  had  some  practical  experience  in  the 
study  of  ore  bodies.  These  two  belonged  to  the  class  of  scientists 
designated  by  John  Webster  in  his  History  of  Metals,  published  in 
1671,  as  "experimental  observers,"  of  whom  he  says: 

For  either  they  were  Buch  aa  attended  the  minee,  or  went  thither  to  convene  with 
the  woikmen  to  inform  themeelvefl,  or  bore  some  offi[%  ftbout  those  plftcea,  or  were 
thoee  that  either  for  curiodtieB  sake,  or  to  enrich  their  knowledge,  did  gather  together 
&11  the  minerals  they  could,  or  used  the  most  ot  ell  these  ways  to  gain  underBtaDdiDg- 
And  therefore  I  commend  these  above  all  the  rest  before  named,  to  be  read  and  studied 
of  all  ofGcers  and  men  belonging  to  any  mineral  or  metallick  works;  and  of  all  young 
etudenta  and  beginners  that  seek  after  mineral  knowledge:  because  these  authors 
apeak  not  altogether  by  opinion,  fancie,  and  conjecture;  but  forth  of  their  own  experi- 
ence, and  the  experience  of  those  that  were  conversant  about  the  mines,  and  getting 
of  ore,  and  purifying  and  refining  of  them;  and  therefore  more  certain  to  be  relyed 
upon  for  leaders  and  teachers.  And  more,  because  they  have  written  what  they 
knew,  openly  and  plainly  as  the  subject  would  bear;  and  cot  in  parables,  wid  tmig- 
matical  expressions. 

This  treatise  contains,  amid  much  that  now  appears  childish,  some 
practical  hints  for  the  discovery  of  ore  bodies,  Webster  laments  the 
almost  universal  ignorance  of  this  subject,  which  he  accounts  for  as 
follows: 

That  the  way  and  means  to  discover  the  nature  of  minerals,  is  not  onely  di£Bciilt 
and  dangerous,  but  in  itself  is  so  sordid,  base  and  troublesome,  that  the  most  men  of 
parts,  will  hardly  adventure  themselves  into  the  pits  or  shafts  where  oree  are  usually 
gotten;  nor  can  indure  to  stay  so  long,  that  they  can  rightly  inform  themselvee  of  any- 
thing that  may  be  satisfactory  to  their  inquiries.  And  the  Miners  or  Workmen  (for 
the  most  part]  being  but  people  of  the  most  indigent  sort,  and  auch  ae  whose  knowledge 
and  aims  reach  no  higher  than  to  get  a  poor  living  by  that  slavish  labour,  regard  to 
inform  themselves  of  no  more  then  what  may  conduce  to  such  a  poor  and  servile  kind 
of  living;  by  which  means  they  are  little  able  to  give  any  learned  man  satiafactioD  to 
those  necessary  inquiries  that  might  tend  to  enable  him  to  judge  rightly  of  the  nature 
of  the  things  in  that  subterraneous  kingdom. 

The  prejudice  of  the  scholar  against  learning  from  the  miner,  so 
quaintly  described  by  Webster,  gradually  died  out  in  the  eighteenth 
century.  Thereby  tie  science  profited  much,  through  acquiring  a 
better  groundwork  of  fact,  while,  on  the  other  hand,  technology 
derived  assistance  from  applied  science.  Even  before  Werner's  day 
a  number  of  mining  officials  discussetd  in  print  the  occurrence  of  min- 
eral deposits.  As  a  result  of  this  better  understanding  between  ihe 
scientist  and  the  practical  man  geology  developed  from  a  condition 
of  pure  speculation  into  a  science  which  approached  tJto  rational  and 
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concrete.  It  need  hardly  be  added  that  the  advances  made  in  chem- 
istry, physics,  and  biology  were  eesential  to  thia  progrees. 

By  the  latter  part  of  the  eighteenth  century  conceptions  of  atrati- 
grsphy  began  to  take  definite  fona.  In  this  &eid,  ^ain,  the  miner 
to  a  certain  extent  forestalled  the  scholar,  for  he  had  recognized  that 
locally,  at  least,  the  earth  crust  was  built  up  of  superimposed  strata 
havii^  a  definite  order.  He  had  also  noted  that  th^  order  was  some- 
times interrupted. by  breaks  and  in  the  undergrotmd  workmgs  had 
opportunity  to  grasp  some  details  of  tectonic  geology. 

The  advancement  of  science  and  arts  toward  the  end  of  the  eight- 
eenth centtuy  had  been  such  as  to  create  a  demand  for  trained 
engineers.  In  the  field  of  technical  education  mining  was  given  the 
first  recognition,  for  the  school  at  Freiberg  was  established  in  1765, 
20  years  before  the  existence  of  schools  of  any  other  branch  of  engi- 
neering, except  those  devoted  to  military  science.  Thia  school  was 
to  have  s  world-wide  effect  on  geology,  through  the  influence  of 
Werner,  the  first  great  teacher  of  the  science.  The  founding  of  other 
mining  schools  followed  rapidly,  indicating  a  need  throughout  con- 
tinental Europe  for  trained  mining  engineers.  With  the  exception 
of  Freiberg  none  of  these  schools  gave  special  heed  to  science,  but  their 
establishment  was  of  great  importance  to  applied  geology,  as  it  gave 
definite  recognition  to  the  fact  th&t  mining  was  to  be  directed  by 
engineers  and  not  by  artisans.  The  advent  of  the  trained  mining 
engineer  was  of  first  importance,  for  on  him  was  to  fall  much  of  the 
work  of  advancing  the  new  science. 

On  the  (Continent  mining  was  chiefly  carried  on  by  or  under  the 
direct  supervision  of  the  State,  and  the  need  of  properly  trained 
engineers  was  probably  the  chief  reason  why  technical  mining  edu- 
cation b^an  before  other  branches  of  engineering.  In  Ei^land, 
on  the  other  hand,  mining  was  mostly  a  matter  of  private  enters 
prise,  and  technical  education  l^ged  far  behind  the  Continent. 
The  men  entrusted  with  the  direction  of  mining  affairs  seem  to 
have  been  drawn  from  the  practical  school  of  experience  and  were 
known  as  mineral  surveyors.  To  this  class  belonged, William  Smith, 
the  founder  of  stratigraphic  geology. 

Worthy  of  note  also  is  John  Williams,  a  mineral  surveyor,  who 
preceded  Smith  by  one  generation.  Williams  was  a  Welshman, 
who  was  bred  as  a  miner,  served  as  a  soldier  under  the  Dutch  fl^, 
and  held  various  responsible  positions  in  the  coal  and  lead  mining 
industries.  Iji  1789  he  published  a  Natural  History  of  the  Mineral 
Kingdom,  which  is  remarkable  for  expressing  some  of  the  modem 
views  on  applied  geology.  It  contains  a  luge  number  of  accurate 
observations,  notably  on  coal  and  lead  deposits.  In  discussing 
ore  deposits  Williams  suggests  a  probable  genetic  relation  between 
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intnisiTe  dikes  and  mineFsl  Teim.  Unforianately  for  Williaim'B 
standing  as  a  scientist,  he  considered  it  necessary  to  present  a 
theory  accoontiitg  for  all  geologic  phenomena  and  to  show  the  errors 
in  Button's  concltiaions,  which  had  tiien  just  appeared. 

Inasmuch  as  WiUiams  treated  coal  deposits  quontitatirely,  he 
was  far  ahead  of  his  generation.  He  pointed  out  that  coal  beds 
are  definitely  limited,  and  this  at  about  the  time  that  Werner  was 
preparing  to  launch  his  theory  of  "Universal  formations."  A 
few  quotations  from  his  book  wiU  serve  to  illustrate  Williams's 
attitude : 

The  lesnlt  of  hia  investigBtion  refutes  by  ln{erenc«  tmather  enoneouB  opinion 
c<aicQniiiig  coftl,  which  I  have  oitan  beatd  OBserted  with  great  confidence,  viz.,  that 
coal  in  inexhaustible.  That  the  fund  d  coal  treasured  up  in  the  auperficee  of  the 
globe,  for  tlie  accommodation  of  society,  ie  very  great,  I  readily  acknowledge;  but 
that  it  is  inexhaustible,  in  tbe  proper  sense  of  the  word,  I  deny. 

If  our  coals  really  are  not  inezhauBtible,  the  rapid  and  laviah  consumpt  of  them 
calls  aloud  tor  the  attention  of  the  Le^datuie,  because  the  very  exiatence  of  the 
metropolis  depends  upon  the  contiiiued  abundance 'of  this  precious  foasU,  and  not 
only  the  metzopolis,  but  also  the  existence  of  the  other  cities  and  great  towns,  and  of 
the  most  fertile  countrtea  in  the  three  kingdoms,  depend  upon  the  abundance  of  this 
valuable  article;  and  moreover,  most  of  our  valuable  manufactures  ace  in  the  same 
predicament,  and,  therefore,  if  our  coal  mines  are  not  inexhaustible,  it  is  high  time 
to  look  into  the  tral  state  tA  our  collieries. 

I  feel  in  myself  a  strong  reluctance  against  sounding  the  alarm  to  my  country  in  a 
matter  of  so  much  importance.  I  am  but  an  obscure  individual  <A  very  little  conse- 
quence in  the  world,  and  I  have  not  the  least  doubt  that  I  shall  be  severely  censured 
by  many  for  my  presumption,  and  therefore  I  proceed  with  sensible  remorse;  but  it 
is  not  guilty  cemoise;  on  the  contrary,  my  heart  tella  me,  that  were  I  to  temporize 
with  my  own  feelings  of  reluctance,  and  to  conceal  a  truth  which  so  nearly  concerns 
the  welfare  of  Uie  community,  ioc  fear  of  incurring  censure,  my  silence  would  be 
unpudonable. 

The  present  rage  for  exporting  coals  to  other  nations  may  aptly  be  compared  to  a 
carelees  spendthrift,  who  wastes  all  in  his  youth,  and  then  heavily  drags  on  a  wretched 
life  to  miserable  old  i^,  and  leaves  nothing  for  his  heirs. 

While  Williams's  dire  prophesies,  made  a  centuiy  and  quarter 
ago,  of  the  early  exhaustion  of  England's  coal  have  not  been  jus- 
tified, yet  he  seems  to  have  been  one  of  the  first  to  ut^e  upon  publie 
attention  the  close  relation  between  the  prosperity  of  a  nation  and 
its  fuel  supply.  He  was  also  a  pioneer  in  recommending  governmental 
surveys  and  investigations  of  mineral  resources.  After  pointing  out 
the  value  of  the  Cape  Breton  and  other  coals  in  the  British  North 
American  possessions  and  recommendii^  their  development,  he  goes 
on  to  say; 

In  discussing  this  topic,  we  presume  to  suggest,  that,  in  the  first  place,  it  is  necewtry 
for  Government  to  explore  and  discover  these  coals,  and  lay  them  bare  for  the  inspec- 
tion of  British  coal  masters  or  companies,  and  with  this  view,  the  first  thing  to  be  done, 
is  to  employ  a  prudent  man  of  abilities  and  skill  in  the  QiecTj  and  practice  of  the  coal 
buednesa;  to  survey  the  West  India  coals  and  coal  fields;  to  make  sach  trials  upon 
tlie  coals  already  discovered,  and  thoae  he  may  discover,  as  may  be  necesauy  to 
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•acortain  the  Uuckneag,  quality,  and  ntnatioa  of  each  sUatum  of  coal  that  iDay  bo 
judged  wOTth  att«ntioii;  and  to  make  out  a  full  and  subatantial  report  of  all  the  material 
circumstances  relating  to  each  coal,  for  the  information  and  use  of  Government,  and 
of  such  gentlemen  and  companies  as  may  wish  to  look  into  this  interesting  subject. 

These  recommendations  for  govenmientaJ  surreys  of  mineral 
resources  were  m&de  a  generation  before  they  were  followed  and 
fully  half  a  century  before  the  nations  of  the  world  were  generally 
to  accept  the  principle.  Williams  also  touches  on  some  of  the  prob- 
lems which  absorb  us  to-day.  After  advocating  the  investi^tion 
of  the  colonial  coal  fields,  he  says,  in  words  which  have  a  famihar  ring: 

When  this  report  ia  made  and  conaidered  hy  Government,  suitable  encouragement 
should  be  offered  to  gentlemen  and  to  companies  of  character,  atoctc,  and  abilities  for 
mich  undertakings,  to  open  and  work  some  of  these  cools.    .    .    . 

The  first  undertakers  should  be  allowed  a  sufficiently  extensive  coal  field,  and  eve^ 
reasonable  privilege  and  indulgence;  but  they  should  not  have  a  monopoly.  Other 
adventurers  should  have  room  to  employ  their  skill  and  capitals  in  this  line  of  businon 
in  the  west  as  well  as  iu  Britain.  Monopolies  seldom  do  much  good.  The  views  of 
monopolists  an  always  too  selMi  and  con£ned  to  be  of  eztonaive  utility  and  public 
benefit. 

While  Williams  was  among  the  first  to  recommend  governmental 
mineral  surveys,  the  idea  of  showing  mineral  deposits  on  maps 
appears  to  have  been  a  part  of  a  plan  for  soil  maps  conceived  by 
Martin  Lister  a  century  before,  and  put  into  practice  by  Quettard  in 
1746.  Sir  Archibald  Geikle  has  credited  the  first  geologic  map  to 
this  eminent  French  naturalist,  but  has  not  sufficiently  empha^zed 
the  fact  that  Quettard's  map  also  showed  tihe  distribution  of  minee 
and  mineral  deposits.  Others  followed  his  example,  and  before  the 
dose  of  the  eighteenth  century  the  cartographic  representation  of 
geology  and  mineral  deposits  had  become  well  established. 

The  nineteenth  century  opened  during  the  epoch  of  intellectual 
freedom  which  followed  the  turmoil  of  the  Frcaoch  Revolution.  The 
time  was  favorable  to  the  progress  of  science:  The  scholar  felt  free 
to  follow  scientific  inquiries  to  their  logical  conclusions  imtrammeled 
by  the  interdict  of  authority.  Nowhere  was  this  more  true  than  in 
the  field  of  geology,  for,  notwithstanding  the  efi'orts  of  dogmatic 
theology  for  upward  of  half  a  century  to  dominate  geologic  thought, 
its  edicts  could  hamper  the  growth  of  the  sdeace  but  little. 

Further  incentive  sprang  from  the  development  of  new  political 
ideals.  As  the  Nation  bc^an  to  concern  itself  with  the  needs  of  the 
individual  citizen  the  f^plicatdon  of  science  to  human  needs  was 
encouraged.  Under  the  old  r^;ime,  so  long  as  the  wants  of  the  ruling 
classes  were  supplied  no  thought  was  given  to  the  wants  of  the 
masses.  When  Uiis  attitude  was  flanged  it  was  natural  to  seek  the 
aid  of  the  scientist  in  ameliorating  conditions.  Therefore  the  dawn 
of  the  new  century  was  propitious  not  only  to  the  advancement  of 
pure  science,  but  also  to  a  general  appreciation  of  applied  soienoe. 
858aO'— B«  1812 ^28 
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Nowhere  were  conditiona  for  the  evolution  of  geologic  science 
better  than  in  our  own  land.  Being  far  removed  from  the  con- 
troversies which  occupied  the  sole  attention  of  many  European 
geologists,  we  could  accept  or  reject  without  prejudice  this  or  that 
theory.  Our  people  had  entered  upon  the  exploitation  of  a  new  land, 
with  boundless  possibilities  of  natural  wealth,  and  pioneer  conditions 
brought  most  of  them  into  intimate  contact  with  natural  phenomenon. 
Books  of  travel  written  in  the  early  part  of  the  caitury  bear  witness 
that  a  close  observation  of  geologic  facts  was  forced  upon  every 
traveler. 

A  general  interest  in  science  and  its  apphcation  was  prevalent  in 
America,  even  in  colonial  times.  This  was  reflected  in  the  scifoitifio 
^d  practical  character  of  educational  ideals.  In  its  first  advertise- 
ment, issued  in  1754,  Columbia  CoUege  (thai  called  King's)  provided 
for  the  instruction  of  youths — 

in  the  aits  of  numbering  aod  meuiuiogi  of  iurveying  sjid  navigation;  of  geogisphj 
and  history;  of  husbandry,  conunwce,  and  government,  and  in  the  knowledge  of  all 
nature  in  the  heavens  above  us  and  in  the  aii,  water,  and  earth  around  no,  and  in  the 
various  ildnds  of  meteors,  stones,  mines,  and  mineralB,  plants  and  animals,  and  every- 
thing uBetuI  for  the  comfort,  the  convenience  and  elegance  of  life;  and  in  the  diief 
manufactures  of  theae  things. 

This  was  half  a  century  before  the  idea  of  scientiflc  and  tedinical 
instruction  had  taken  root  in  European  countries.  In  the  period 
extending  from  1768  to  1811  chairs  of  chemistry  were  established  in 
11  coU^ea  of  the  United  States.  In  1824  the  Rensselaer  Polytechnic 
Institute  was  founded — the  first  school  of  applied  science  in  any 
English-speaking  country.  The  avowed  aim  of  this  school  was  to 
apply  "sciences  to  the  common  purposes  of  life."  Van  Rensselaer, 
who  founded  it,  was  a  patron  of  geologic  science,  and  Eaton,  the 
geologiBt,  its  first  president. 

Geology  had,  however,  received  recognition  in  several  American 
coll^ea  long  before  the  founding  of  the  Rensselaer  Institute.  Accord- 
ing to  Prof.  Hop^os  there  were  31  American  coU^es  which  offered 
courses  in  geology  previous  to  1845.  Of  these,  one  b^an  teaching 
geolc^  in  1804,  one  in  1807,  one  in  1819,  and  one  in  each  of  the  years 
from  1820  to  1846.  The  large  number  of  scientific  societies  founded 
at  this  tune  shows  the  widespread  interest  of  the  people  in  science. 
Nearly  every  town  had  its  lyceum  of  natural  history,  while  the  larger 
cities  boasted  of  academies  of  science  and  similar  associations,  of 
vrtiich  several  have  survived  to  the  present  day.  In  1819  the  Ameri- 
can Qeolo^al  Society  was  organized — only  12  years  after  the  found- 
ing of  the  Geological  Society  of  London  and  nearly  30  years  before 
that  of  the  Deutsch  Qeologische  Gesellschaft. 

Numerous  journals  devoted  to  st^ence  and  art  were  established 
during  the  period  under  discussion.  While  some  of  these  were  only 
short  lived  they  attest  the  interest  in  science  of  the  Americaa  people. 
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Another  example  of  this  interest  is  found  in  the  course  of  lectures  on 
natural  history  which,  according  to  Dr.  Merrill,  were  delivered  before 
the  New  York  State  Legislature  by  Amos  Eaton  in  1818.  This  is 
probably  the  only  instance  in  our  history  where  a  body  of  law  makers 
have  welcomed  serious  instruction  in  scientific  matters. 

Most  of  the  coU^ate  instruction  and  the  scientific  societies  had  for 
their  purpose  the  promoting  of  knowledge  in  pure  rather  than  applied 
geology,  but  it  was  in  the  latter  that  geology  really  had  the  support 
of  the  American  people.  One  far-reaching  influence  on  the  develop- 
ment of  applied  geology  in  the  early  part  of  the  last  century  was  the 
scarcity  of  mining  engineers  or  eiqierienced  operators,  while  the  vocar 
tion  of  prospecting  wae  almost  noneziBtent.  Our  mining  industry 
was  in  the  early  stages  and  there  were  almost  no  engineers  and  but 
Few  so-called  practical  men  to  whom  the  people  could  turn  for  informal 
tion.  In  European  countries,  on  the  other  hand,  centuries  of  mining 
had  developed  a  class  of  professional  men  other  than  geologists  who 
were  considered  authorities  on  nuneral  wealth.  But  in  our  own 
country  it  was  the  scientist  rather  tiian  the  engineer  or  the  practical 
miner  who  was  called  upon  for  information.  This  not  only  led  to  the 
utilization  of  science  in  the  preliminajy  work  of  seeking  mineral 
deposits,  hut  also  had  the  effect  of  forcing  the  scientists  to  ^ve  their 
investigations  a  practical  turn. 

Either  from  choice  or  necessity,  the  early  American  geolog^ts, 
like  their  successors  of  to-day,  always  emphasized  in  their  work  the 
needs  of  the  community.  McClure  devoted  much  of  the  brief  text 
which  accompfmied  his  geologic  map  of  the  eastern  United  States  to 
the  relation  of  geology  to  agriculture.  Eaton's  first  work  bore  on 
the  resources  of  the  region  adjacent  to  the  Erie  Canal.  Kodgers 
elucidated  the  structure  of  the  coal  fields,  while  Jackson  attempted 
a  classification  of  the  public  lands  of  the  State  of  Maine. 

I  venture  the  opinion  that  one  reason  why  the  investigators  of 
this  continent  have  accomplished  so  much  for  the  advancement  of 
geology  is  that  their  research  has  never  been  entirely  divorced  from 
the  field  of  apphed  science.  We  have  had  no  distinct  schools  of  pure 
and  applied  geology,  as  there  were  until  recently  in  other  lands.  In 
Europe  there  was  the  practical  school  of  the  miner,  whose  scientific 
conception  seldom  reached  beyond  his  immediate  environment;  and 
there  was  the  school  of  the  scholar,  whose  angle  of  vision  was  apt  to 
be  too  wide  to  focus  on  facte  near  at  hand.  There  were,  indeed, 
some  exceptions,  for  the  scholar  Agricola  learned  from  the  miner; 
Werner's  teaching  was,  in  theory  at  least,  an  application  of  geology 
to  the  mineral  industry;  and  Wilham  Smith  used  his  knowledge  of 
stratigraphy  in  the  practice  of  his  engineering  profession.  Even  in 
Europe  the  distinction  between  the  work  of  these  two  schools  has  now 
almost  disappeared. 
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The  general  interest  and  faith  in  science  during  the  early  history 
of  our  country  is  well  esempli&ed  in  the  attitude  of  pubUc  men. 
Our  first  two  presidenfa,  in  spite  of  the  fact  that  they  differed  greatly 
in  temperament  and  experience,  showed  more  interest  in  scientific 
work  than  almost  any  of  their  successors.  Washington's  training  as 
an  explorer,  surveyor,  and  planter  and  his  close  connection  with  the 
beginnings  of  the  iron  industry  is  perhaps  sufficient  to  account  for 
his  attitude  toward  science.  He  is  probably  the  only  President  who, 
by  his  own  efforts,  attempted  to  advance  applied  science.  While 
President  he  started  an  investigation  of  the  soils  of  the  Eastern  States 
through  personal  correspondence.  More  important,  however,  was 
the  work  of  Jefferson,  in  bringing  about  the  establishment  of  the 
chair  of  chemistry  at  the  University  of  Vii^inia,  thereby  introducing 
scientific  teaching  into  this  country.  He  also  discussed  the  mineral 
resources  of  Virginia  in  his  book  on  that  Commonwealth,  wrote, 
while  Vice  President,  geologic  paper,  and,  above  all,  inaugurated  that 
system  of  exploration  and  investigation  of  the  trans-Mississippian  region 
which  was  to  yield  such  fruitful  results  in  the  century  to  follow. 
John  Adams,  while  he  took  no  personal  part  in  promoting  scientific 
research,  manifested  interest  in  it  by  helping  to  establish  the  American 
Academy  of  Arts  and  Sciences. 

A  review  of  the  conditions  which  brought  about  the  rapid  growth 
of  geologic  work  in  this  country  during  the  first  decades  of  the  nine- 
teenth century  can  not  faU  to  consider  the  political  imd  industrial 
situation.  The  War  of  1812  had  united  as  one  nation  the  Common- 
wealths which  up  to  that  time,  in  spite  of  the  federation,  had  strong 
centrifugal  tendencies.  During  the  war  with  Great  Britain  New 
England  had  been  on  the  verge  of  rebellion,  while  the  trans-Appa- 
lachian region  was  not  held  to  the  East  by  any  strong  bonds.  The 
country,  rent  by  domestic  quarrels  and  the  turmoil  of  opposing 
political  factions,  paid  small  heed  to  the  problems  of  industry  and 


After  the  war  the  people  thought  lees  about  State  rights  and  more 
about  industrial  prosperity.  There  was  no  longer  a  French  party  or 
an  iE^glish  party,  but  men  of  all  pohtical  faiths  had  come  to  the 
conclusion  that  we  must  work  out  our  own  salvation.  We  had 
learned  to  supply  our  own  material  needs  during  the  war,  when 
English  frigates  cut  off  European  sources  of  supply.  In  short,  the 
Nation  had  found  itself  and  was  ready  to  begin  to  harvest  the  re- 
sources of  the  vast  territory  which  the  war  had  settled  for  all  time 
was  to  be  our  own.  Our  people,  while  possessing  the  self-confidence 
of  the  pioneer,  were  facing  new  problems,  and,  guided  by  their  sci- 
entific instincts,  turned  to  the  acientiat  for  help. 

In  spite  of  the  fact  that  the  war  had  developed  a  relatively  strongly 
centralized  Federal  Government,  yet  our  political  theoiy  was  still 
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one  of  StAte  lighta.  Moreover,  the  Republicans  were  in  power,  with 
a  hopelessly  small  Federalist  minority.  It  was  natural,  therefore, 
that  the  people,  loyal  to  their  political  faith,  should  turn  to  the  Com- 
monwealths for  aid  in  developing  the  new  land.  This  aid  for  the 
most  part  took  the  form  of  targe  grants  for  pubhc  improvement  of 
transportation  facilities — at  first  for  canals  and  wagon  roads,  later 
for  railwayB.  During  the  period  ending  with  1838  the  States  bor- 
rowed sums  a^^egating  over  $160,000,000  for  purposes  of  public 
improvement.  Compared  with  this  sum,  the  expenditures  for  geologic 
surveys  were  small.  It  is  a  significant  fact,  however,  that  in  1838  B 
larger  percentage  of  the  States  supported  geologic  surveys  than  in 
any  suteequent  year  until  1898.  This  is  graphically  illustrated  in 
figure  3.  The  upper  curve  shows  the  total  number  of  States  and  the 
lower  the  percentage  of  total  number  which  supported  geologic  sur- 
veys between  1826  and  1910. 

The  very  rapid  increase  in  State  surveys  is  all  the  more  significant 
when  compared  with  the  status  of  governmental  surveys  in  Europe. 
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Though  much  geologic  work  was  done  in  European  countries  during 
the  early  part  of  the  century,  it  was  not  until  about  the  middle  that 
the  Governments  began  organizing  syBtematic  surveys.  England  led 
by  estabhshing  her  survey  in  1832.  Next  came  surveys  of  Austria- 
Hui^ary  and  Spain,  organized  in  1849,  of  Bavaria  in  1851,  and  France 
in  1S5S.  Most  European  countries  did  not  undertake  systematic 
geolt^c  surveys  until  about  1860,  or  more  than  20  years  after  our  first 
maxima  of  State  surveys  had  been  reached. 

As  already  indicated,  the  principal  influence  that  led  to  this  first 
era  of  State  surveys,  as  Dr.  Merrill  has  caUed  it,  was  the  widespread 
interest  in  scientific  investigations  and  the  great  industrial  advance- 
ment which  created  a  demand  for  the  practical  results  of  such  investi- 
gations. A  good  exampleof  the  faith  the  people  had  in  apphed  geology 
is  found  in  the  first  geological  survey  made  in  Georgia,  which  was  paid 
for  by  landowners  of  two  counties — a  condition  that  has  never  been  re- 
peated until  recently  in  some  of  the  rich  milling  districts  of  the  Weet. 
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Anotiher  reason  for  the  lai^e  number  of  State  grants  for  geologic 
work  lay  in  the  general  westward  moTement  of  population  from 
the  Atlantic  States.  This  Lad  a  twofold  effect  on  geologic  surveys. 
Viist,  it  gave  rise  to  a  demand  for  information  about  the  new  lands, 
and  second,  it  put  the  older  States  on  their  mettle  to  hold  their  popu- 
lation. So  rapid  was  the  westward  movement  that  the  Atlantic 
States  became  alarmed  for  their  future.  In  1815  and  1816  the  legis- 
latures of  both  North  Carolina  and  "^rginia  appointed  conunittees  to 
devise  means  for  checking  the  drain  on  thar  population.  This  was 
unquestionably  the  motive  in  establishing  many  of  the  Eastern  State 
surreys  and  in  direcljng  their  activities  toward  agricultural  problems. 

Meanwhile  the  Federal  Government  had  undertaken  the  iav^- 
tigation  of  the  resources  of  the  unorganized  western  Territories. 
The  chief  purpose  seems  to  have  been  a  claa?i£cation  of  the  public 
lands — a  work  which  was  to  be  interrupted  for  over  half  a  century 
and  then  resumed  aa  the  proper  function  of  Federal  geologists. 

According  to  Dr.  Merrill'  the  first  epoch  of  State  surveys  declined 
even  more  rapidly  than  it  arose,  due  largely  to  the  financial  crisis 
of  1837.  An  era  of  promotion,  inflation,  and  straining  of  State 
credits  to  their  uttermost,  accompanied  by  a  waste  of  the  borrowed 
millions  and  the  lack  of  any  sound  Federal  financial  policy,  resulted 
in  a  money  panic,  the  collapse  of  many  ill-advised  enterprises,  the 
repudiation  of  their  pubhc  debts  by  several  of  the  States,  and  a 
widespread  commercial  depression.  It  is  no  wonder  that,  under 
these  conditions,  geologic  surveys  were  r^arded  as  luxuries  that 
might  well  be  spared;  particularly  since  these  first  governmental 
surveys,  it  must  be  admitted,  hardly  justified  themselves  from  the 
standpoint  of  practical  results.  This  fact  does  not  detract  from 
the  credit  due  the  pioneer  geologists  who  carried  on  these  surveys 
under  almost  insuperable  difficsulties.  They  learned  much  about 
areal  distribution  of  the  larger  geologic  units,  but  most  of  the  investi- 
gations were  not  detailed  enough  to  yield  results  of  practical  value. 
Moreover,  even  in  that  day  many  geologists  were  still  hving  in 
"flat  laud" — they  considered  formations  in  only  the  two  horizontal 
dimensions ;  for  while  the  vertical  element  was  by  no  means  ignored, 
it  was  not  clearly  understood. 

During  the  decade  following  the  panic,  few  States  had  surreys, 
^d  no  great  progress  was  made  in  the  science  beyond  the  publica- 
tion of  results  attained  in  the  previous  era.  Hiough  the  contribu- 
tions to  geologic  literature  by  the  class  of  professional  geologists — 
whose  appearance  was  perhaps  the  most  important  result  of  the 
activity  of  the  previous  decade — were  not  unimportant,  yet  as  a  whole 
both  pure  and  applied  science  were  at  a  rather  low  ebb. 
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The  panic  iras  but  a  temporary  cheek  to  the  industries,  however. 
The  estimated  production  of  pig  iron  fras  347,000  tons  in  1840,  and 
600,000  in  1850,  while  the  coal  production  during  the  same  period 
increased  &om  2,000,000  to  7,000,000  tons,  and  the  railway  mileage 
from  2,818  to  9,021.  These  industrial  advaocements  were  accom- 
panied by  the  rapid  settlement  (rf  the  Middle  West,  by  the  beginiungs 
of  copper  mining  in  Michigan  in  1844,  and  of  iron  mining  in  Michigan 
and  Missouri  in  1853,  and  most  important  of  ail,  the  discovery  of 
gold  in  California  in  1848.  All  this  activity  gave  a  new  impetus  to 
geologic  work,  which  is  reflected  in  th«  revival  of  interrat  in  State 
surveys.  At  this  time,  too,  men  began  to  dream  of  a  transcontinental 
railway,  and  therefore  the  Federal  Government  undertook  a  more 
Bystematio  exploration  of  the  western  cordilleran  region  than  bad 
previouBly  been  made.  The  curve  of  State  surveys,  as  seen  in  the 
diagram,  continued  to  rise  until  the  outl»eak  of  the  Civil  War. 
In  this  second  epoch  of  geologic  work  the  States  of  the  ifiddle  West — 
then  the  frontier — led.  Th^  was  but  natural,  because  history  has 
proved  geology  always  appealed  more  strongly  to  the  picneer  than  to 
any  other  class  of  people. 

It  is  difficult  to  measure  the  aeoomplisbment  of  this  second  period 
of  geok^o  activity  under  State  and  Federal  auspices,  owing  to  its 
abrupt  termination  by  the  Civil  War,  which  interrupted  many 
important  investigatioiu.  One  factstands  out  dearly:  That  applied 
geology  was  the  mainspring  of  most  of  the  research,  and  the  results 
indicate  that  pure-science  had  not  been  the  loser  thereby. 

The  prosperous  time  following  the  Civil  War  in  the  North  and 
West,  with  its  almost  unique  industrial  advancement,  again  centered 
public  interest  on  mineral  resources.  This  caused  the  Federal  Gov- 
ernment to  resume  explorations  in  the  West,  which  took  the  form  of 
areal  geologic  surveys  and  in  some  cases  detuled  study  of  mineral 
deposits.  Many  States  undertook  similar  work,  and  the  curve  of 
geologic  surveys  arose  until  the  interruption  by  the  panic  of  1873. 

The  results  thus  attained  proved  a  final  justification  of  geology,  not 
only  as  an  intellectual  pursuit,  but  also  as  a  practical  aid  to  mankind. 
While  the  immediate  benefits  of  these  investigations  were  large,  they 
were  not  so  important  as  the  institution  of  geol<^io  mapping,  based 
on  accurate  mensuration.  Crude  as  those  maps  were  compared  with 
the  present  standards  of  refinement,  they  represent  the  earliest 
general  attempt  in  this  country  to  apply  ei^ineering  methods  to 
geologic  problems.  It  was  very  unfortunate  that  this  first  epoch  of 
engineering  geology,  as  it  might  be  caUed,  was  so  soon  interrupted 
and  the  work  practically  discontbrned  for  over  a  decade.  The  people 
were,  in  fact,  hardly  educated  up  to  an  appreciation  of  its  value; 
moreover,  the  natural  resources  that  oould  be  readily  exploited 


348  ANNUAL  BEPOBI  BHIIH80NIAN  INSTITUTION,   1912. 

without  the  aid  of  acience  were  so  extensive  that  the  time  was  hardly 
ripe  to  make  full  use  of  this  new.  ^ology. 

We  have  seen  that  the  period  following  the  Civil  War  vftia  especially 
favorable  to  the  development  of  applied  geology.  The  same  is  true 
of  pure  science.  This,  in  fact,  baa  been  the  history  of  geology  in  this 
country — advances  in  pure  science  were  always  in  more  or  less  direct 
proportion  to  advances  made  in  the  applied  science. 

It  has  been  shown  that,  in  the  early  history  of  the  Nation,  the 
genius  of  the  American  people  was  essentially  scientific.  A  deep 
interest  was  felt  both  in  the  facts  and  deductions  of  science,  and  in  the 
affairs  of  life  deference  was  paid  to  the  opinion  of  the  investigator. 
Unfortunately,  for  reasons  which  are  dif&cult  to  fathom,  this  scientific 
attitude  gradually  declined.  At  the  beginning  of  our  national  exist- 
ence  we  were  in  close  contact  with  the  intellectual  life  of  Europe, 
which  was  then  essentially  soientifio.  This  gave  us  our  first  intel- 
lectual stimulus  and  led  us  to  do  our  full  share  of  the  work  of  advanc- 
it^  both  pure  and  applied  science.  Then  came  an  interim  between 
the  time  when  we  forsook  the  intellectual  standards  of  the  Old  World 
and  before  we  fully  established  those  of  our  own.  Meanwhile,  the 
opening  of  a  continent,  with  its  unbounded  resources,  was  calculated 
to  bring  out  the  characteristic  effiuiency  and  self-reliance  of  the  aver- 
age American.  Then  gradually  developed  what  may  be  colled  the 
era  of  the  "practical  man" — an  era  characterized  essentially  by 
unscientific  thought  among  the  mass  of  the  people.  The  "practical 
man"  now  became  a  national  fetish,  and  the  people,  overlooking  the 
fact  that  his  success  was  due  to  eneigy  and  opportunity,  attributed  it 
rather  to  the  absence  of  technical  and  scientific  knowledge.  Nowhere 
was  this  national  trait  better  shown  than  in  the  mineral  industiy, 
where  the  era  of  the  "practical  man"  coat  the  Nation  untold  millions. 
His  distrust  of  applied  science  was  deep-rooted.  For  a  generation 
every  mining  community  swarmed  with  these  self-atyled  experts, 
whose  technical  and  scientific  limitations  were  only  exceeded  by  their 
blatant  self-assertion. 

Unfortunately,  at  this  time  there  also  developed  between  the 
geolc^t  and  the  "'ining  engineer  an  antagonism  which  waa  detri- 
mental to  the  advances  of  the  science.  A  school  of  geology  arose 
which  revived  to  a  certain  extent  the  ancient  practice  of  specula- 
tion without  observation  and  regarded  itself  as  moving  in  a  higher 
intellectual  sphere  than  that  of  the  engineer,  who  dealt  with  practical 
problems.  On  the  other  hand,  many  engineers  came  to  rcgai^  all 
work  of  the  geologist  as  either  visionary  or  purely  speculative. 

Since  the  rise  of  the  modem  school  of  applied  geology,  which  may 
be  said  to  have  begun  in  the  eighties,  thia  antagoniam  between  the 
engineer  and  the  geologiat  haa  gradually  disappeared.  The  geologist 
has  made  hia  reaulta  of  more  value  by  adopting  some  of  tiia  methods 
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of  the  engineer,  while  the  engineer  no  longer  hesitates  to  use  geology 
in  his  own  field.  Both  professions  have  been  improved  by  this  mu- 
tual help,  and  the  geologist  has  by  no  means  gained  the  least.  The 
modem  mining  engineer  now  recognizes  that,  even  in  his  own  special 
field,  scientific  investigations  are  essential.  This  is  evidenced  by  the 
general  hearty  support  given  by  engineers  to  the  new  Federal  Bureau 
of  Mines. 

It  is  not  aeceesary  to  describe  in  detail  the  recent  pn^ress  in  apphed 
geology.  While  most  of  the  countries  of  the  world  have  taken  part, 
it  is  a  field  that  the  American  geologist  has  made  pecuharly  bis  own. 
Among  our  important  contributions  in  this  field  is  the  geology  of 
mineral  oils,  presented  by  Mr.  Cajnpbell  to  this  society  last  year. 
In  this,  as  in  the  survey  of  coal  deposits,  stratigraphic  and  structural 
geology  have  almost  come  to  be  exact  sciences.  £}qually  important  to 
to  the  Nation  are  the  results  achieved  in  underground  water  investi- 
gations. The  tectonics  of  mineral  veins  now  also  approaches  an 
exact  science;  while  many  of  the  conclusions  on  the  genesis  of  ore 
'  bodies,  notably  that  of  secondary  enridunent,  are  amoi^  the  tri- 
umphs of  applied  geology. 

Moreover,  the  fidd  is  being  extended.  In  Germany  the  work  of  the 
geologist  is  regarded  almost  as  essential  to  railway  or  canal  location 
as  that  of  the  engineer — a  lesson  we  have  only  recently  learned  at 
Panama.  The  investigations  of  soils  is  now  a  distinct  science,  based 
largely  on  applied  geology.  Questions  of  public  health,  such  as  purity 
of  water  and  sanitation  problems,  also  in  part  fall  in  the  domain  of  the 
geologist. 

A  significaot  phase  of  the  new  epoch  in  applied  geology  is  its  con- 
tributions to  political  economy.  A  striking  example  of  this  is  the 
geologic  survey  of  Korea,  executed  by  the  Japanese  durii^  their 
war  with  Russia.  It  need  hardly  be  said  that  this  was  not  made  for 
the  purpose  of  advancing  geologic  knowlec^e,  but  solely  to  gain  a 
scientific  valuation  of  the  land  which  was  costing  so  much  blood  and 
treasure.  Though  the  present  status  of  the  science  does  not  permit 
of  a  quantitative  determination  of  resources  which  is  more  than  ap- 
proximate, yet  the  fact  that  geologists  are  being  called  upon  by  politi- 
cal economists  for  assistance  indicates  how  fundamentally  the  science 
affects  the  welfare  of  the  Nation. 

This  historical  survey  of  applied  geology,  in  which  special  emphasis 
has  been  laid  on  its  progress  in  this  country,  seems  to  point  to  sev- 
eral conclusions.  First,  that  much  of  the  modern  science  of  geology 
originated  in  the  field  of  appUed  science.  It  was  the  striving  of  man- 
kind to  solve  problems  of  material  welfare  that  gave  the  first  impulse 
to  geologic  thought.  Second,  that,  as  a  rule,  the  science  lias  made 
most  rapid  strides  at  those  times  when  its  study  was  inspired  by  a 
desire  to  achieve  some  practical  end.    Whenever  geology  has  become 
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Mitirely  divorced  from  industry  it  has  drifted  toward  pure  speculft- 
tion.  The  geologists  of  the  past,  like  those  of  the  present,  received 
much  of  their  inspiration  from  the  fact  that  they  were  adding  to  the 
material  welfare  of  mankind.  Werner,  Humboldt,  Von  Buch,  De  la 
Beche  were  not  only  trained  as  TninJTig  engineers,  but  continued  for 
most  of  their  careers  to  be  intimately  connected  with  the  r"'"'"g 
industry.  Desmarest  devoted  most  of  his  life  to  promoting  the  indus- 
trial advancement  of  France.  William  Smith  was  an  engineer  before 
he  was  a  geologist,  and  even  Hutton  knew  from  personal  experience 
the  value  of  applying  the  sciences  of  agriculture  and  chemistry.  On 
this  continent  McClure,  Ekton,  Kodgers,  Owen,  LeaUe,  Ix>g&n,  Wbitney, 
Orton,Cook,  Dawson,  andKing,  with  a  host  of  others,  were  all  identified 
with  the  industrial  application  of  their  science.  "Hie  elder  SilHmaii, 
in  an  account  of  his  own  training  in  geology,  said,  "I  learned  in  the 
mining  districts  how  and  what  to  observe."  The  years  that  Dana 
spent  on  explorations  may  be  counted  in  the  field  of  applied  geology. 
James  Hall,  for  two  generations  the  leader  in  American  geology  and 
the  founder  of  that  organization  which  for  three-quarteiB  of  a  cen- 
tury has  preserved  the  highest  scientific  ideals,  guned  his  early 
inspiration  in  studying  practical  problems.  An  enumeration  of  the 
leading  geologists  of  the  present  generation  will,  I  think,  show  that 
the  larger  part  have  given  much  attention  to  the  material  application 
of  geology. 

The  recent  economic  trend  of  geology  is  only  a  counterpart  of 
similar  tendencies  in  most  fields  of  scientific  research.  The  intro- 
duction of  science  into  practical  affairs  is  a  feature  of  the  present 
age.  It  has  come  about  not  only  because  as  the  sciences  progressed 
thmr  results  were  more  directly  applicable  to  material  problems,  but 
more  specially  because  of  the  gradually  changing  conditions  through- 
out the  world.  With  a  sparse  population  and  abundance  of  natural 
resources  the  need  of  applied  science  is  never  so  evident  as  when 
the  lauds  become  crowded  and  the  more  readily  accessible  resources 
depleted.  The  people  of  a  virgin  land  need  pay  small  heed  to  ex- 
haustion of  soil  or  destruction  of  forests,  and  can  carry  on  shallow 
mining  operations  with  bttle  recourse  to  science  or  technology.  It 
is  only  when  increasing  population  results  in  a  demand  for  a  greater 
food  supply  and  makes  sanitation  important,  when  the  depletion  of 
timber  becomes  a  factor  in  cost  of  structures,  and  the  superficial 
deposits  can  no  longer  yield  sufficient  minerals,  that  the  need  of 
scientific  knowledge  becomes  strongly  emphasized.  This  st^fe  has 
been  reached  in  most  of  the  civilized  countries  of  the  world  to  a 
greater  or  less  extent,  and  the  evils  of  relative  overpopulation  and 
depletion  of  nature's  wealth  are  resulting  in  an  appeal  to  applied 
science.  China  stands  alone  among  the  great  nations  of  the  world 
in  not  utilizing  scientific  thought  to  better  the  conditions  of  her 
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people.  The  present  turmoil  in  China  can  probably  be  interpreted, 
in  the  last  analysis,  as  a  protest  against  the  afiaira  of  state  being 
guided  by  the  classicist  rather  than  by  the  scientist. 

While  we  may  criticize  China  for  not  accepting  the  dictum  of 
sdeuce,  we  have  only  recently  departed  from  a  similar  attitude, 
though  our  abundant  resources  have  made  our  own  faults  less  con- 
spicuouB.  In  this  respect  the  present  generation  has  made  greater 
strides  than  all  that  preceded.  We  are  now  applying  science  to  the 
affairs  of  the  Nation  as  never  before.  The  old-fashioned  pubhcist, 
with  his  classical  education  or,  at  leasts  traditions,  is  being  shouldered 
out  of  the  way  by  the  man  who  analyzes  the  problems  of  pubhc  wel- 
fare on  scientific  principles.  The  trained  investigator  is  being  more 
and  more  appealed  to  in  the  affairs  of  the  Nation.  In  this  we  are 
following  Germany,  whose  long  leadership  in  pure  science  has  now 
been  overshadowed  by  her  leadership  in  applied  science.  We  have 
begun  to  realize  that  it  is  one  thing  to  win  prosperity  and  happiness 
out  of  the  bounty  of  a  new  land,  another  to  gain  it  by  utilizing  re- 
sources which  can  only  be  made  available  by  scientific  genius. 

Mr.  Gilbert  has  said  that  "pure  science  is  fundamentally  the 
creature  and  servant  of  the  material  needs  of  mankind."  Yet  it  is 
not  uncommon  to  find  the  devotee  of  pure  science  assuming  that  his 
field  is  on  a  higher  plane  than  that  of  those  studying  problems  which 
involve  the  material  welfare  of  the  human  race.  This  seems  specially 
true  in  the  field  of  geology.  If  a  bacteriologist  finds  a  new  toxin  for 
a  disease  germ,  a  botanist  a  new  food  plant,  a  sanitary  engineer  a 
measure  for  preserving  human  life,  all  unite  in  commending  his  work. 
Yet  there  are  not  a  few  geologists,  though  I  beUeve  a  constantly  de- 
creasing number,  who  seem  to  view  with  suspicion  any  attempt  to 
make  the  science  of  geology  more  useful.  Those  who  are  devoting 
themselves  to  economic  geology  are  charged  with  commercializing 
the  science,  as  if  the  applying  of  its  principles  to  better  the  conditions 
of  the  people  were  not  the  highest  use  to  which  scientific  research 
could  be  put.  One  reason  for  this  attitude  is  because  much  wliich 
has  been  masquerading  as  appUed  geology  is  not  science  at  all.  The 
commercial  exploitation  of  natural  resources  under  the  cloak  of  geology 
is  not  to  be  confounded  with  geologic  research  that  has  for  its  aitns 
the  application  of  scientific  principles  to  the  needs  of  man. 

The  geologist  who  ia  studying  the  resources  of  the  public  domain 
to  the  end  that  a  sound  policy  may  be  adopted  for  their  utilization, 
or  he  who  is  gaging  the  exhaustion  of  oiu-  mineral  wealth  by  studying 
statistics  of  production,  is  doing  his  share  of  scientific  work  no  less 
than  he  who  is  engaged  in  the  more  pleasing  task  of  evolving  new 
geologic  principles.  The  masters  of  the  science  have  not  hesitated  to 
turn  their  attention  to  economic  problems.    Clarence  King  deserves 
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no  less  credit  for  his  aid  in  opening  up  the  West  by  economic  inveetiga- 
tiona  than  for  his  contributions  to  knowledge  on  the  age  of  the  earth. 
We  think  of  Maj,  Powell  as  one  of  the  founders  of  physiographic 
geology,  but  his  memory  will  live  rather  for  employing  science  to 
make  available  the  latent  fertility  of  the  arid  r^ons  of  the  West. 
Surely  no  one  wiU  charge  King  or  Powell  with  commercializing  their 


As  I  see  it,  there  lies  no  danger  in  the  present  trend  toward  appUed 
geology,  provided  our  applied  geology  rests  on  a  broad  basis  of 
scientific  reaearch.  If  the  spring  of  pure  science  is  cut  off,  the  stream 
of  applied  geology  must  soon  run  dry.  There  is  no  field  of  pure 
geology  which  will  not  yield  results  applicable  to  questions  of  material 
welfare.  On  the  other  hand,  any  given  investigation  in  applied 
geology  may  lead  to  problems  of  paleontology,  petrography,  geo- 
ph3rBica,  or  other  branches  of  pure  science.  In  view  of  the  pressing 
demand  for  results,  we  are  justified  in  giving  precedence  to  those 
fields  of  investigation  which  promise  the  earliest  returns  of  material 
value.  There  is,  however,  grave  danger  that,  carried  away  by  the 
present  furor  for  practical  results,  we  may  lose  sight  of  our  scientific 
ideals.  AppUed  geology  can  only  maintain  its  present  high  position 
of  usefulness  by  continuing  the  researches  which  advance  the  knowl- 
edge of  basic  principles.  Future  progress  in  applied  geology  depends 
on  progress  in  pure  geology. 
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THE  RELATIONS  OF  PALEOBOTANY  TO  GEOLOGY.' 


By  Dr.  F.  H.  Knowltok, 
UniUd  Stale*  Geohffical  Survey. 


Although  there  is  vague  mention  of  fossil  plants  in  literature  as 
early  as  the  thirteenth  century,  and  unscientific  adumbrations  in 
the  faintly  growing  twilight  of  the  succeeding  centuries,  the  real 
science  of  paleobotany  did  not  have  its  beginning  until  well  on  in 
the  nineteenth  century.  With  the  publication,  in  1828,  of  Brongni- 
art's"Histoir©deB  v6g4taux  fossiles"  and  the  "Prodrome,"  there  was 
given  to  paleobotany  "that  powerful  impetus  wliich  found  its  imme- 
diate recognition  and  called  into  its  service  a  lai^e  corps  of  colaborera 
with  Brongniart,  rapidly  multiplying  its  literature  and  increasing  the 
amount  of  material  (or  its  further  study"  (Ward).  In  the  succeeding 
decades,  even  to  the  close  of  the  century,  the  students  of  paleobotany 
were  mainly  occupied  in  accumulating  data  as  regards  distribution, 
both  area!  and  vertical,  and  the  opening  decades  of  the  present  cen- 
tury find  the  subject  a  recognized,  respected,  coequal  part  of  the 
general  field  of  pajeontology. 

Paleobotany,  together  with  all  the  other  branches  of  paleontology, 
admits  of  subdivision  into  two  lines  or  fields  of  study — the  biological 
and  the  geological — depending  upon  the  prominence  given  to  the  one 
or  the  other  of  these  phasea  of  the  subject.  The  biological  study  is, 
of  course,  concerned  especially  with  the  evolution  of  the  vegetable 
kingdom,  that  is,  with  the  tracing  of  the  lines  of  descent  through 
which  the  living  flora  has  been  developed.  As  this  side  of  the  ques- 
tion will  be  taken  up  by  other  contributors  to  this  discussion,  it  may 
be  dismissed  from  further  consideration,  as  the  geological  aspect  is 
almost  exclusively  the  phase  of  the  subject  to  which  the  present 
paper  's  devoted. 
"  In  the  first  place  it  will  be  necessary  to  call  attention  to  the  fact 
that  the  successful  use  of  fossils  of  any  kind  as  stratigraphic  marks 
is — or  at  least  may  be— entirely  independent  of  tlieir  correct  bio- 
logical interpretation.  To  most  botanists,  and  indeed  to  some  paleo- 
botanists,  this  statement  wHl  doubtless  come  as  a  surprise,  since 
they  have  come  to  imagine  that  the  impressions  of  plants,  the  form 
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in  which  they  are  most  made  use  of  in  this  connection,  are  so  indefi- 
nite, indistinct,  and  unreliable  that  they  can  not  be  allocated  bio- 
lo^cally  with  even  reasonable  certainty,  and  hence  are  of  little  or 
no  value.  As  a  matter  of  fact  hardly  anything  could  be  further 
from  the  truth,  and  it  can  be  confidently  stated  that  it  makes  not 
the  slightest  difference  to  the  stratigraphic  geologist  whether  the 
fossils  upon  which  he  most  relies  are  named  at  all,  so  long  as  the  hori- 
zon whence  they  come  is  known  and  they  are  clearly  defined  and 
capable  of  recognition  under  any  and  all  conditions.  They  might 
almost  as  well  be  referred  to  by  number  as  by  name,  so  long  as  they 
fill  the  requirements  above  demanded,  though  of  course  every  strati- 
graphic  paleontologist  seeks  to  interpret  to  the  very  best  of  his 
knowledge  the  fossils  he  studies.  He  may — doubtless  often  does — 
make  mistakes  in  his  attempts  to  understand  thorn,  but  Iiis  errors 
are  undoubtedly  fewer  than  he  is  not  infrequently  charged  with. 
His  faculty  of  observation  is  rendered  acute  from  tlie  close  study  of 
the  restricted  and  often  fragmentary  material  available,  and  he  has 
learned  to  see  and  make  use  of  characters  wliicli  are  often  overlooked 
or  wholly  neglected  by  the  botanist.  The  latter,  even  when  he  has 
before  him  the  complete  living  plant,  including  root,  stem,  and  foliar 
and  reproductive  oi^ans,  sometimes  experiences  difficulty  in  cor- 
rectly placing  hia  subject,  and,  to  judge  from  some  recent  work, 
there  are  paleobotanists  who  study  only  the  internal  structure  of 
fossil  plants  and  yet  are  beset  with  extreme  difficulty  in  interpreting 
their  biological  significance. 

It  may  then  be  taken  as  settled  that  the  needs  of  the  stratigraphic 
geologist  will  be  met  if  he  is  supphed  with  a  scries  of  marks  or  tokens 
by  which  he  may  unfailingly  identify  the  various  geological  horizons 
with  which  he  deals,  while  to  the  historical  geologist  who  makes  use 
of  fossils  in  unraveling  the  succeraion  of  geological  events  the  correct 
biological  identification  is  of  the  greatest  importance,  for  upon  this 
rests  his  interpretation  of  the  succession  of  faunas  and  floras  that 
have  inhabited  the  globe.  As  the  late  Dr.  C.  A.  White  has  said, 
"If  fossils  were  to  be  treated  only  as  mere  tokens  of  the  respective 
formations  in  which  they  are  found,  their  biological  classification 
would  he  a  matter  of  little  consequence,  but  tlieir  broad  signification 
in  historical  geology,  as  well  as  in  systematic  biology,  renders  it 
necessary  that  they  be  classified  aa  nearly  as  possible  in  the  manner 
that  living  animals  and  plants  are  classified." 

While  it  is  in  no  way  desired  to  overlook  or  underestimate  the 
biologic  value  of  such  fossil  plants  as  have  fortunately  retained  their 
internal  structure  in  condition  for  successful  study,  it  is  probably 
safe  to  say  that  their  value  to  geology  as  compared  with  the  impres- 
sions of  plants  is  as  1  to  1,000,  and  had  wo  only  the  former  there 
never  could  have  been  developed  the  science  of  stratigraphic  paleo- 
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botany.  Fop  example,  the  coUectionB  of  the  United  States  National 
Musflum  embrace  over  100,000  specimens  of  the  impressions  of 
Paleozoic  plants,  whereas  of  those  showing  internal  structure  there 
is  hardly  a  half  dozen  unit  trays  full.  In  ^e  Mesozoic  and  Cenozoic 
collectionB  belonging  to  the  same  institution  there  are  thousands 
upon  thousands  of  specimens  from  hundreds  of  localities  and  horizons, 
while  of  those  retaining  their  internal  structure  there  are  so  few  that 
they  can  almost  be  numbered  in  tens. 

There  is  another  and  an  excellent  practical  reason  why  the  impres- 
eions  of  plants  are,  and  will  always  remain,  of  more  value  to  geoli^y 
than  those  exhibiting  internal  structure,  no  matter  how  well  this 
structure  may  be  preserved.  As  soon  as  a  plant  impression  is  ex- 
humed it  is  instantly  ready  for  study  and  may  be  interrogated  at 
once  as  to  the  stratigraphic  story  it  has  to  tell,  whereas  the  plant 
with  tiie  structure  preserved  usually  shows  little  or  nothing  .on  a 
superfici^  examination,  and  requires  laborious,  expensive  prepara- 
tion before  it  can  be  identified.  For  example — to  make  a  personal 
application — for  the  past  five  years  I  have  annually  studied  and 
reported  on  from  500  to  700  collections,  each  of  which  embraced  from 
one  to  hundreds  of  individuals,  and  with  them  have  helped  the  geolo- 
gists to  fix  perhaps  50  horizons  in  a  dozen  States.  If  it  had  been 
necessary  to  cut  sections  of  these  specimens  before  the  geologist 
could  have  had  his  answer,  it  is  safe  to  say  that  very  little  would 
have  been  accomplished. 

All  fossil  plants  must  be  interpreted  by  and  through  the  Hving 
flora.  In  the  more  recent  geological  horizons  the  plants  are  naturaUy 
found  to  be  most  closely  related  to  those  now  living,  but  as  we  proceed 
backward  in  time  the  resemblances  grow  less  and  less,  and  finally  we 
find  ourselves  in  the  presence  of  floras  a  large  percentage  of  which 
are  without  known  or  clearly  recognized  living  representatives.  In 
describing  these  and  making  them  available  for  stratigraphic  use  it 
has  been  necessary  to  give  them  generic  and  specific  names,  after 
the  analogy  of  the  living  floras,  so  that  we  may  have  convenient 
handles  by  which  to  use  them.  Many  of  these  are  confessedly  what 
may  be  called  genera  of  convenience,  such,  for  example,  being  many 
of  the  genera  of  the  so-called  "ferns"  of  the  Paleozoic.  Some — but 
especially  botanists— unfamiliar  with  the  geological  use  of  fossil 
plants  have  ai^ed  that  it  is  unsafe,  or  even  actually  unwise,  to 
venture  to  give  names,  not  only  to  those  without  living  representa- 
tives, but  even  to  those  obviously  belonging  to  living  groups.  A 
reply  to  this  objection  seems  unnecessary  in  view  of  what  has  been 
said. 

The  practical  appUcation  of  fossil  plants  as  an  aid  to  geology  may 
be  briefly  mentioned.  There  have  been  described  from — ^let  us  say — 
North  America,  upwards  of  5,000  species,  of  which  number  some 
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1,200  are  confined  to  the  Paleozoic,  perhapa  2,000  to  the  Mesozoic, 
and  1,500  to  the  Cenozoic.  During  the  60  or  70  years  that  this 
information  has  been  accumulating  it  has  developed  that  certain 
specie  or  other  groups  enjoy  a  considerable  time  range,  and  therefore 
are  of  little  vaJiie  in  answering  close  questions  of  age,  while  others 
are  of  such  limited  vertical  distribution,  that  their  presence  may  indi- 
cate instantly  a  definite  horizon.  Thus,  if  he  find  in  assoclatioo 
impressions  that  we  have  named  Sequoia  NordeasJciSldi,  Thuya  infer- 
rwpta,  Populus  ewMoia,  etc.,  it  is  known  instantly  that  we  are  dealing 
with  the  lower  Eocene  Fort  Union  formation,  since  not  one  of  these 
apecies,  together  with  several  hundred  others,  has  ever  been  found 
outside  thb  horizon.  Imiumerable  other  concrete  examples  could 
of  course  be  given,  though  hardly  necessary,  yet  it  may  be  instructive 
to  note  that  within  a  single  geographic  province — the  Rocky  Moun- 
tain region — the  several  plant-bearing  formations  preacoit  are  charac- 
terized as  follows:  The  Kootanai  by  120  species,  the  Colorado  by 
perhaps  50  species,  the  Dakota  by  460  species,  the  Montana  by  150 
species,  the  Laramie  by  140  species,  the  Arapahoe  by  30  apecies,  the 
Denver  by  more  than  140  species,  the  Fort  Union  by  from  500  to  700 
species,  etc.  This  shows  that,  as  Prof.  J.  W.  Judd  once  said,  "We 
still  regard  fossUs  as  the  'medals  of  creation,'  and  certain  types  of 
life  we  take  to  be  as  truly  characteristic  of  definite  periods  as  the  coins 
which  bear  the  image  and  superscription  of  a  Roman  emperor  or  of 
a  Saxon  king." 

Just  a  word  may  be  said  on  the  economic  application  of  strati- 
graphic  paleontology.  It  is  perhaps  safe  to  say  that  never  in  the 
history  of  American  geology  has  there  been  so  close  an  interrelation 
and  dependence  of  geology  on  paleontology  as  at  present,  and  of  this 
confidence  paleobotany  may  justly  claim  its  full  share.  Thus,  of  the 
even  dozen  of  paleontologists  in  the  employ  of  the  United  States 
Geological  Survey  and  covering  all  branches  of  the  subject,  four  are 
paleobotaniste. 

Among  the  many  subsidiary  problems  connected  with  the  applica- 
tion of  paleobotany  to  geology,  the  use  of  fossil  plants  as  indices  of 
past  climate  occupies  a  most  important  place.  As  the  majority  of 
plants  are  attached  to  the  substratum  and  hence  are  unable  to  mi- 
grate like  most  animab  when  the  temperature  of  their  habitat  becomes 
unfavorable,  they  must  either  give  way  or  adapt  themselves  gradu- 
ally to  the  changed  conditions  of  their  environment.  Therefore, 
fossil  plants  have  always  been  accorded  first  place  as  indices  of  past 
climates.  "They  are,"  as  Dr.  Asa  Gray  has  said,  "the  thermom- 
eters of  the  ages,  by  which  climatic  extremes  and  climate  in  general 
through  long  periods  are  best  measured." 

To  those  who  have  not  given  especial  consideration  to  the  subject, 
l^e  idea  appears  to  obtain  that  climatic  variations,  such  as  now 
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exist,  are  normal  or  essential,  and  that  they  were  present  without 
marked  differences  during  all  geological  ages.  It  is  now  established, 
however,  that  tliis  conclusion  is  entirely  without  geological  or  paleo- 
botanical  warrant,  and  that  the  most  pronounced  climatic  differen- 
tiation the  world  has  known  extends  only  from  the  Pliocene  to  the 
praseot.  As  a  matter  of  fact  we  of  to-day  are  living  in  the  glacial 
epoch  in  what  possibly  is  only  an  interglacial  period,  and  we  know 
tliBt  the  time  which  has  elapsed  since  the  close  of  the  last  ice  invasion 
has  been  of  leea  duration  than  was  one,  and  possibly  two,  of  the 
Pleistocene  interglacial  periods.  We  sbo  know  that  the  climate  was 
milder  during  these  interglacial  intervals  than  has  obtained  since  the 
final  retreat  of  the  ice,  as  shown  by  the  fact  that  in  eastern  North  America 
certain  species  of  plants  then  reached  a  point  some  150  miles  farther 
north  in  ihe  Don  Valley  than  they  have  since  been  able  to  attain. 
The  development  of  strongly  marked  climatic  zones,  at  least  between 
the  polar  circles,  is,  then,  "exceptional  and  abnormal,  and  we  have 
no  evidence  that  in  any  other  postr^ilurian  period,  with  the  possible 
exception  of  the  Permo-Carbonfferous  period,  has  the  climatic  dis- 
tribution and  segr^ation  of  life  been  so  highly  differentiated  and 
complicated  aa  in  post-Tertiary  times."  * 

The  regular  and  normal  conditions  which  have  existed  for  vastly 
the  greater  part  of  geologic  time  have  been  marked  by  rdatlve 
imiformity,  mildness,  and  comparative  equability  of  climate.  This 
is  abundantly  shown  by  the  almost  world-wide  distribution  and 
remarkable  uniformity  of  the  older  floras.  When,  for  instance,  we 
find  the  middle  Jurassic  flora  extending  in  practical  uniformity  from 
King  Karls  Land,  82°  N.,  to  Louis  Philippe  Land,  63°  S.,  we  have 
conditions  which  not  only  bespeak  a  practically  continuous  land 
bridge,  but  exceptionally  uniform  climatic  conditions.  To  have 
made  this  possible  there  could  have  been  neither  frigid  polar  r^ions 
nor  a  torrid  equatorial  belt,  such  as  aow  exist.  The  absoice  of 
growth  rings  in  Uie  stems  of  these  plants,  as  well  as  the  presence  of  such 
warmth-loving  forms  as  cycads  and  tree  feme,  point  to  the  absence 
of  seasons  and  the  presence  of  mild  and  equable  climatic  conditions. 

Another  example  of  similar  import  is  afforded  by  the  early  Penn- 
sylvanian  flora;  that  is,  the  flora  of  the  lower  part  of  the  Upper 
Carboniferous.  Wherever  terrigerous  beds  of  this  age  have  been 
discovered,  representatives  of  this  peculiar  flora,  which  includes  such 
common  genera  as  Lepidodendron,  SigiUaria,  SphenopfvyUum,  etc., 
have  been  found,  this  distribution  ranging  from  Sou^  Africa  to 
Brazil  and  Ai^entina,  and  thenc«  over  the  northern  hemisphere. 

Similarly,  the  Mississlppian  flora  (Lower  Carboniferous)  has  been 
found  in  Spitzbei^n,  Greenland,  and  arctic  Alaska,  and  thence 
ica,a.9.,TDL3i,ma,p.;«a. 
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south  over  Burope  and  AmericS,  and  although  somewhat  older 
than  the  last,  is  distinctly  related  to  that  in  Argentina. 

On  passing  up  in  the  geolc^c  time  scale  we  find  ^at  durii^  late 
MesoKoic  and  early  Cenozoic  time  the  present  dominimt  typee  of  vegeta- 
tion were  firmly  estahlished.  With  what  probability  of  succesB  may 
these  floras  be  interrogated  as  to  the  climatic  conditions  under  which 
they  existed  1  We  find  from  a  study  of  the  present  flora  that  certain 
types  of  vegetation,  as  well  as  certain  plant  associations,  have  definite 
(jimatic  requirements.  Thus,  Artooarptu,  or  the  bread  fruit  trees, 
are  now  confined  to  within  20°  of  the  Tropics,  showing  that  they 
require  the  moist  heat  of  the  tomd  regions.  If,  now,  we  find  that 
Artoearpus  once  throve  in  Greenland,  70°  or  more  north,  during  Cre- 
taceous time,  we  feel  justified  in  assuming  that  its  climatic  require* 
mente  were  not  very  different  from  those  of  its  living  representatives. 
And  when  we  find  that  it  was  then  in  association,  as  it  is  to-day, 
with  cycads,  tree  ferns,  cinnamons,  palms,  and  other  distinctly 
tropical  forms  we  are  confirmed  in  the  opinion  that  at  that  time 
Greenland  must  have  enjoyed  a  tropical  or  at  least  a  subtropical 
climate. 

Another  example  is  afforded  by  the  Fort  Union  formation.  In 
the  rocks  of  this  horizon,  which  now  occur  on  the  wind-swept,  almost 
treeless  plains  of  the  Dakotas,  Wyoming,  and  Montana  and  thence 
northwtfd  to  the  valley  of  the  Mackenzie,  are  found  remains  of 
Sequoia,  T(Keodium,  Thuya,  Ulmua,  Populua,  Viiia,  Platanue,  Sapin- 
du8,  Viburnum,  Corylua,  Juglans,  Hxcoria,  etc.  From  this  array  we 
feel  justified  in  assuming  a  cool  to  mild  temperate  climate  for  this 
early  Eocene,  fiora,  and  further,  from  the  presence  of  numerous,  often 
thick,  beds  of  lignite,  that  tliere  was  a  much  higher  precipitation  than 
at  present. 

A  layer  of  fan-palm  leaves  a  foot  in  thickness  in  a  formation  in 
northern  Washington  indicates  climatic  requirements  in  which  the 
minimum  temperature  did  not  fall  much  if  any  below  42°  F.  The 
presence  of  numerous  West  Indian  types  in  the  AGocene  lake  beds  of 
Flf^ssant,  Colo.,  would  alone  point  to  almost  tmpical  conditions,  but 
as  tl^ese  are  associated  with  others  of  more  northern  afBnities,  it 
)  to  predicate  at  least  a  warm  temperate  or  possibly  sub- 
tropickl  climate. 
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GEOPHYSICAL  RESEAKCH.' 


By  Abthus  L.  Day. 


To  write  the  history  of  the  earth  is  a  very  different  undertaking 
from  writing  the  history  of  a  people.  In  the  latter  case,  a  diligent 
seeker  can  usually  find  some  andent  monastery  where  farsighted 
historians  of  an  earlier  generation  have  collected  the  more  important 
records  which  he  requires,  and  placed  them  within  reach  of  his  hand. 
With  the  earth's  history,  which  ia  the  province  of  geology,  it  is  an- 
ol^er  matter.  The  great  globe  has  been  millions  of  years  in  the 
making,  and  except  for  a  mere  fragment  of  its  moat  recent  history, 
it  has  had  neither  a  historian  nor'  an  observer.  Its  formation  has 
not  only  extended  over  an  almost  incomprehensible  interval  of  time, 
but  we  have  no  parallel  in  our  limited  experience  to  help  us  to  under- 
stand its  complicated  development,  and  no  system  of  classification 
adequate  to  the  task  even  of  grouping  in  an  orderly  way  all  the  ob- 
served rock  and  mineral  formations  with  reference  to  the  forces 
which  molded  them.  And  even  if  we  could  correctly  interpret  all 
the  visible  rock  records  we  are  still  quite  helpless  to  comprehend  all 
those  earlier  activities  of  the  formation  period,  whose  record  is  now 
obliterated. 

To  the  student  of  the  earth's  history,  therefore,  the  problem  of 
gathering  and  ordering  such  a  widely  scattered  and  heterogeneous 
collection  of  effecte  and  causes  is  one  of  somewhat  overwhelming 
scope  and  complication.  In  the  industrial  world  a  situation  of  this 
kind  soon  results  in  replacing  individual  effort  with  collective  effort 
in  the  organization  of  a  system  of  a  scope  more  appropriate  to  the 
magnitude  of  the  task.  We  are  familiar  with  industrial  oi^^aniza- 
tion  and  the  wondffl^ul  prepress  in  the  development  of  Americui 
industries  which  has  everywhere  followed  it.  We  are  also  familiar 
with  organized  geological  surveys  and  the  success  which  has  attended 
tbem  in  geolc^cal  and  topographical  classification.  But  the  idea  of 
organizing  research  to  meet  a  scieoitific  situation  of  extraordinary 
scope  and  complexity  is  still  comparatively  new.  The  ytsry,  words 
"science"  and  "research"  are  still  regarded  as  referring  to  something 
out  of  the  ordinary,  something  to  be  withheld  from  the  common  gaze, 

>  PfcddMHWtddnndaUTnM  Bt  ttas  TDoUi  mMtliit  or  tba  PbUosopUcsI  Sodaty  at  WcddDEtcra,  NoTvm- 
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to  be  kept  hidden  in  a  special  nidie  behind  a  myBterious  curtain  and 
served  by  prieste  of  peculiar  temperament  and  unpractical  ideals. 
This  is  botii  disparaging  to  our  good  sense  and  prejudicial  to  the 
progress  of  knowledge.  Scientific  research  is  not  a  luxury;  it  is  a 
fundamental  necessity.  It  is  not  a  European  fad,  but  is  the  very 
essence  of  the  tr^nendous  technolo^c  and  industrial  succees  of  the 
last  20  years,  in  which  we  have  shared. 

Prof.  E.  L.  !Nichols,  of  Cornell,  as  retiring  president  of  the  Am^can 
Association  for  the  Advancement  of  Science,  put  the  case  in  this 
way:  "The  main  product  of  science  (research)  *  *  *  is  knowl- 
edge. Among  its  by-products  are  the  technologic  arts,  iududing 
invention,  engineering  in  all  its  branches,  and  modem  industry." 
The  idea  of  scientific  research  is  therefore  not  less  tan^ble  than 
industrial  development,  or  less  practical;  it  is  merely  one  step  more 
fundamental;  it  is  concerned  with  the  discovery  of  principles  and 
underlying  relations  rather  than  their  application.  This  being  true, 
research  should  profit  as  much,  or  even  more,  from  efficient  organi- 
zation aa  industrial  development  has  done. 

Although  this  conclusion  is  making  its  way  but  slowly  in  American 
science,  in  geological  research,  where  material  must  be  gathered 
from  the  utmost  ends  of  the  earth  and  even  from  within  it,  and 
where  nearly  ev^y  known  branch  of  scientific  activity  finds  some 
application,  there  is  a  peculiarly  favorable  opportunity  for  oiganized 
effort  which  is  already  coming  to  be  recognized .  "So  long  as  geology 
remained  a  descriptive  science,"  says  President  Van  ICse,  of  Wis- 
consin,  "it  had  little  need  of  chemistry  and  physics;  but  the  time 
has  now  come  when  geologists  are  not  satisfied  with  mere  descrip- 
tion. They  desire  to  intwpret  the  phenomena  they  see  in  refer- 
ence to  their  causes — in  other  words,  under  the  principles  of  physics 
and  chemistry.  *  •  *  This  involves  cooperation  between  phys- 
icists, chemists,  and  geologists." 

In  a  general  way,  physics,  chenu8ta7,  and  biology  have  already 
supplied  working  hypotheses  which  have  been  used  by  students  of 
geology  to  help  in  the  examination,  classification,  and  mapping  of 
the  most  conspicuous  features  of  the  exposed  portion  of  the  earth. 
The  geologist  has  gone  abroad  and  has  studied  the  distribution  of 
land  and  water,  the  mountain  ranges,  the  erosive  action  of  ice  and 
of  surface  water  and  the  resulting  sedimentary  deposits,  the  distri- 
bution of  volcanic  activity  and  of  its  products  the  igneous  rocks; 
or,  more  in  detail,  he  has  studied  the  appearance  of  fossils  in  certain 
strata,'  and  haa  inferred  the  sequence  of  geologic  time.  The  distri- 
bution of  particular  nuneraJs  and  of  ore  deposits  has  been  carefully 
mapped.  Regions  which  offer  evidence  of  extraordinary  upheaval 
throu^  the  exercise  of  physical  forces  hare  been  punstakin^y 
coEamined,  and  so  on  fhrou^  the  great  range  of  geologic  activity. 
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In  a  word,  the  field  has  been  ^ven  a  thorough  general  ezaminatioQ, 
but  the  manifold  problems  which  this  examination  has  developed, 
although  early  recognized,  and  often  the  subject  of  philosophical 
speculation  and  discussion,  still  await  an  opportunity  for  quanti- 
tative study.  They  are  often  problems  for  the  laboratory  and  not 
for  the  field,  problems  for  exact  measurement  rather  than  for  infer- 
ence, problems  for  the  physicist  and  chemist  rather  than  for  the 
geolo^t.  This  is  not  a  result  of  oversight;  it  is  a  stage  in  the 
development  of  the  science — first  the  location  and  classification  of 
the  material,  then  the  laboratory  study  of  why  and  how  much. 

Certain  indications  have  led  us  to  believe,  for  example,  that  the 
earth  was  once  completely  gaseous  and  in  appearance  much  like 
our  sun.  Indeed,  it  possibly  formed  a  part  of  tiie  sun,  but  through 
some  instability  in  the  system  became  split  ofF — a  great  gaseous 
ball  which  has  cooled  to  its  present  condition.  The  cooling  probably 
went  on  rapidly  at  first  until  a  protecting  crust  formed  about  the 
ball,  then  more  and  more  slowly,  until  now,  when  our  loss  of  heat 
by  radiation  into  space  is  more  than  compensated  by  heat  received 
from  the  sun.  Obviously,  the  earliest  portions  of  this  history  are 
and  must  remain  dependent  upon  inference,  but  the  formation  of  a 
solid  crust  can  not  advance  far  before  portions  of  it  become  fixed 
in  a  form  such  that  further  disturbance  does  not  destroy  their 
identity.  From  this  point  on,  the  history  of  the  earth  is  a  matter 
of  record  and  can  be  interpreted  if  only  we  have  sufficient  knowledge 
of  the  mineral  relations  through  all  the  stages  of  their  development. 

It  must  have  been  a  very  turbulent  sea,  the  molten  surface  of 
our  earth  upon  which  the  rocky  crust  began  to  form.  The  first 
patches  of  crust  were  probably  shattered  over  and  over  again  by 
escaping  gases  and  violent  exploaions  of  which  our  waning  volcanic 
activity  is  but  a  feeble  echo.  If  the  earth  was  first  gaseous,  and  the 
outer  surface  gradually  condensed  to  a  hquid,  its  outer  portions  at 
least  must  have  been  whirled  and  tumbled  about  sufficiently,  even 
in  a  few  thousand  years — which  is  a  very  small  interval  in  the  forma- 
tion of  an  earth — to  mix  its  various  ingredients  pretty  thoroughly. 
It  has  accordingly  been  hard  to  see  just  how  it  came  to  separate  into 
individual  rocks  of  such  widely  different  appearance  and  charaotOT. 
Of  course  the  number  of  its  ingredients  was  large.  We  have  already 
discovered  SO  or  more  different  elementary  substances  in  the  earth, 
and  there  is  an  almost  endless  number  of  more  or  less  stable  com- 
pounds of  these.  The  freezing  of  an  earth  Is  therefore  different  from 
the  freezing  of  pure  water,  but  the  freezing  of  salt  water  offers  a  due 
to  the  explanation  of  £he  way  in  which  the  earth  solidified  as  we  find 
it.  When  salt  water  freezes,  the  salt  is  practically  all  left  behind. 
The  ice  contains  much  less  salt  and  the  remaining  water  relatively 
more  salt  than  before  freezing  began.    Applying  this  famiUar  obser- 
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yation  to  the  supposed  molten  surface  of  the  earth  as  it  begins  to 
solidify,  we  have  a  suggestion  of  order  and  system  in  its  separation 
into  so  many  kinds  of  rocks. 

Mow,  it  happens  that  in  the  recent  development  of  chemistry  much 
attention  has  been  given  to  tho  study  of  solutions  of  various  kinds, 
and  a  great  body  of  information  has  been  gathered  and  classified  of 
which  our  observation  upon  the  freezing  of  salt  water  is  a  simple 
type.  Still  more  recently,  quite  lately  in  fact,  it  has  occurred  to 
many  students  of  the  earth  that  here  Ues  not  only  the  clue  but  per- 
haps the  key  to  their  great  problem.  If  the  individual  components 
which  are  intimately  mixed  in  solution  separate  wholly  or  partially 
in  some  regular  way  upon  freezing — and  nearly  all  the  solutions 
which  have  been  studied  appear  to  show  such  segregation — ^we  have 
a  quantitative  system  which  will  probably  prove  adequate  to  solve 
the  problem  of  rock  formation,  provided  only  that  the  experimental 
difficulties  attending  the  study  of  molten  rock  and  the  complications 
imposed  by  the  presence  of  so  many  component  minerals,  do  not 
prove  prohibitive.  This  is  a  very  simple  statement  of  the  point  of 
view  which  has  led  to  the  experimental  study  of  rock  formation  in 
the  laboratory  as  a  natural  sequence  to  statistical  study  in  the  field. 

Geophysics  therefore  does  not  come  as  a  new  science,  nor  as  a 
restricted  subdivision  of  geology,  like  physiography  or  stratigraphy, 
but  rather  to  introduce  into  the  study  of  the  earth  an  element  of 
exactness,  of  quantitative  relation.  It  may  include  phonics  or  chem- 
istry, biology  or  crystallography,  or  physical  chemistry,  or  all  of  these 
at  need.  The  distinctive  feature  of  geophysics  is  not  its  scope,  which 
may  well  be  left  to  the  future,  but  its  quantitative  character.  The 
Geophysical  Laboratory  of  the  Carnegie  Institution  of  Washington  has 
entered  upon  some  of  the  investigations  su^ested  by  this  long  pre- 
liminary study  of  the  earth — the  physical  properties  and  conditions 
of  formation  of  the  rocks  and  minerals.  The  Department  of  Terres- 
trial Magnetism  of  the  same  institution  has  undertaken  another — 
the  earth's  magnetism;  the  German  geophysical  laboratory  at  G6t- 
tingen  a  third — the  earthquakes — and  these  will  no  doubt  be  followed 
by  others. 

The  firat  effect  of  calling  exact  science  into  consultation  upon 
geologic  problems  is  to  introduce  a  somewhat  diflerent  viewpoint. 
It  has  been  our  habit  to  study  the  minerals  and  the  rocks  as  we 
find  them  to-day,  after  many  of  the  causes  which  have  had  a  share 
in  their  evolution  have  ceased  to  be  active,  after  the  fire  has  gone  out. 
If  we  attempt  to  reconstruct  in  our  minds  the  operations  which  enter 
into  the  formation  of  an  igneous  rock  or  of  a  body  of  ore,  we  must 
infer  them  from  present  ^pearances  and  environment.  Hie  experi- 
mental geoi^ysicist,  on  the  other  hand,  confronting  the  same  problem, 
says  to  himself:  Can  we  not  construct  a  miniature  volcano  in  the 
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laboratory;  can  we  not  build  a  furnace  in  whicb  an  igneous  rock  can 
be  formed  under  such  conditions  that  we  can  observe  its  minutest 
change!  He  proposes  to  introduce  temperature-measuring  devices 
and  apparatus  for  the  detennination  of  pressure,  to  investigate  the 
character  of  the  surrounding  atmosphere  and  the  quantity  of  water 
vapor  which  may  be  present.  He  insists  upon  the  chemical  purity  of 
every  ingredient  which  goes  into  the  furnace  and  guards  it  carefully 
against  contamination.  In  these  various  ways  he  will  undertake  to 
ascertain  the  exact  magnitude  of  all  the  causes,  both  physical  and 
chemical,  which  have  been  at  work  in  his  miniature  rock  producer, 
together  with  the  physical  characteristics  of  the  product. 

A  very  practical  question  now  arises.  Can  he  do  all  this  suc- 
cessfully at  the  temperatures  where  the  minerals  form?  We  must 
press  this  question  and  insist  upon  a  satisfactory  answer,  for  it  is 
by  no  means  obvious  that  the  relations  which  the  physicist  and 
cheooist  have  established  at  the  temperatures  of  everyday  life — 
energy  content,  density,  solubility,  viscosity,  dissociation — will 
continue  to  hold  when  substances  are  carried  up  to  a  white  heat. 
The  substances,  too,  are  different  from  those  with  which  the  chemist 
and  physicist  have  been  generally  familiar.  Instead  of  simple  metals, 
aqueous  solutions,  and  readily  soluble  active  salts,  we  encounter 
silicates  and  refractory  oxides,  inert  in  behavior  and  capable  of 
existing  together  In  mixtures  of  great  complexity.  We  must  there- 
fore extend  the  range  of  our  physics  and  our  chemistry  to  a  scope  in 
some  degree  commensurate  with  the  wide  range  of  conditions  which 
the  earth  in  its  development  has  passed  through.  Let  us  follow  for 
a  little  the  actual  progress  of  such  an  attempt. 

The  first  step  is  to  provide  the  necessary  temperatures.  Obvi- 
ously, the  common  fire-clay  crucible  and  the  smelter's  furnace  with 
its  brick  lining  will  not  serve  us  here,  for  all  these  are  themselves 
mineral  aggregates.  The  charge,  furnace  lining,  and  crucible  would 
go  down  together  in  a  fall  aa  disastrous  as  Humpty  Dumpty'a.  But 
experiment  has  taught  us  that  platinum  crucibles,  magnesia  furnace 
tubes  inclosing  an  electrically  heated  helix  of  platinum  wire,  and  elec- 
tric temperature-measuring  devices,  provide  a  furnace  in  which  nearly 
bU  of  the  important  minerals  can  be  successfully  studied,  which  is  hot 
enough  to  melt  zinc,  silver,  gold,  copper,  nickel,  or  iron  readily,  and 
where  any  temperature  up  to  1,600°  C.  can  be  maintained  pufectly 
constant,  if  need  be,  for  several  weeks.  All  these  temperatures  can  be 
measured  with  no  uncertainty  greater  than  5°.  This  equipment  pre- 
serves the  chemical  purity  of  the  mineral  studied,  and  enables  the 
temperature  to  be  controlled  and  measured  at  every  step  of  the 
experimental  work.  Or  an  iridium  furnace  tube  and  an  iridium 
crucible  can  be  substituted  for  platinum,  the  magnesia  supports  can 
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still  be  used,  and  we  have  it  in  our  power  to  go  on  to  2,000°  C,  which 
is  quite  sufficient  for  all  the  more  important  minerals  which  we  know. 

The  physicist  has  therefore  found  a  suitable  melting  pot  and  means 
of  ascertaining  what  goes  on  within  the  pot ;  but  he  at  once  encounteiB 
another  difficulty.  Nature  has  provided  us  with  relatively  few  min- 
erals of  high  chemical  purity.  If  a  natural  mineral  is  chosen  for  ex- 
periment, however  typical  it  may  be,  several  per  cent  of  other  min- 
erals may  be  expected  to  be  present  with  it,  the  effect  of  which  is  at 
present  quite  unknown.  Now,  the  first  axiom  of  the  investigator  in 
a  new  field  who  desires  to  undertake  measurements  which  shall  have 
a  real  value  is  that  the  number  of  unknown  quantities  in  his  equa- 
tions must  not  be  greater  than  he  can  eliminate  by  his  experimental 
processes;  in  other  words,  he  must  begin  with  conditions  so  ample 
that  the  rdation  between  a  particular  effect  and  its  cause  can  be 
absolutely  established  without  leaving  undetermined  factors.  Hav- 
ing solved  the  simple  case,  it  is  a  straightforward  matter  to  utilize 
this  information  to  help  solve  a  more  comphcated  one.  'Hierefore  if 
we  would  reduce  the  mineral  relations  to  an  exact  saence,  which  is 
our  obvious  purpose,  it  is  necessary  from  the  outset  to  prepare  min- 
erals of  the  highest  purity  and  to  establish  their  properties.  Having 
obtained  such  a  pure  mineral  type,  it  may  be,  and  often  is,  in  the 
power  of  the  mineralogist  and  his  microscope  to  determine,  by  direct 
comparison  with  its  natural  prototype,  the  kind  and  amount  of  effect 
actually  produced  in  the  natural  mineral  by  the  one  or  more  other 
miner^  which  it  contains.  We  have  therefore  hardly  started  upon 
our  investigation  before  the  need  of  an  organized  system  is  demon- 
strated :  First  comes  the  chemist,  who  prepares  and  analyzes  the  pure 
mineral  for  investigation;  then  the  physicist,  who  provides  and  meas- 
ures the  conditions  to  which  it  is  subjected;  then  the  mineralogist, 
who  establiahes  its  optical  properties  in  relation  to  the  corre^onding 
natural  minerals. 

Having  prepared  such  a  mineral,  of  high  purity  and  of  known 
crystalline  character,  we  can  ascertain  its  behavior  at  the  tempera- 
tures which  must  have  obtained  during  the  various  stages  of  earth 
formation.  We  can  study  the  various  crystal  forms  through  which 
it  passes  on  heating  and  the  temperature  ranges  within  which  these 
forms  are  stable;  we  can  also  melt  it  and  measure  the  melting  or 
sohdifying  temperature.  Another  mineral,  prepared  with  the  same 
care  and  studied  in  the  same  way,  may  afterwards  be  added  to  the 
fiist,  and  the  relation  of  these  two  determined.  If  they  combine, 
heat  is  absorbed  or  released ;  and  this  quantity  of  heat  can  be  meas- 
ured, ti^ether  with  the  exact  temperature  at  which  the  absoiptioa 
or  release  takes  place.  If  the  mixture  results  in  the  fomiation  of 
one  or  more  mineral  compounds,  we  shall  learn  the  conditions  of  for- 
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matioQ,  the  temperature  region  within  which  the  new  forma  are  stable, 
and  the  changes  which  each  undergoes  with  changes  of  pressure  and 
temperature,  as  before.  If  the  new  forms  show  signs  of  inatability, 
we  can  drop  them  into  cold  watw  or  mercury  so  quickly  that  there 
will  be  no  opportunity  to  return  to  initial  stable  forms,  and  thus 
obtain,  for  study  with  the  microscope  at  our  leisure,  every  individual 
phase  of  the  process  through  which  the  group  of  minerals  has  passed. 

'Without  complicatiDg  the  illustration  further,  it  is  obvious  that 
we  have  it  in  our  power  to  reproduce  in  detail  the  actual  process  of 
rock  formation  within  the  eu^,  and  to  substitute  measurement 
where  the  geologist  has  been  obliged  to  use  inference;  to  tabulate 
the  whole  history  of  the  formation  of  a  mineral  or  group  of  minerals 
under  every  variety  of  condition  which  we  may  suppose  it  to  have 
passed  through  in  the  earth,  provided  only  we  can  reproduce  that 
condition  in  the  laboratory. 

During  the  past  quarter  of  a  century  there  has  arisen  in  the  middle 
ground  between  physics  and  chemistry  a  new  sci^iee  of  physical 
chemistry,  in  the  development  of  which  generalizations  of  great 
value  in  the  study  of  minerals  have  been  established.  As  long  ^o 
as  1861  the  distinguished  German  chemist,  Bunaen,  pointed  out  that 
the  rocks  must  be  considered  to  be  solutions  and  must  be  studied  as 
such;  but,  inasmuch  as  comparatively  little  was  known  about  solu- 
tions in  those  days,  and  the  rocks  at  best  appeared  to  be  very  com- 
plicated ones,  no  active  steps  in  tiiat  direction  were  taken  during 
Bunsen's  life.  But  ia  recent  years  solutions  have  been  widely  studied, 
under  rather  limited  conditions  of  tranperature  and  pressure,  to  be 
sure,  but  it  has  resulted  in  establishing  relations — ^like  the  phase  rule — 
of  such  effective  and  far>reachii^  character  that  now,  just  half  a 
century  afterwards,  we  sxb  entering  with  great  vigor  upon  the  prose- 
cution of  Bunsen's  su^estion.  It  is  now  possible  to  establish  definite 
limits  of  solubility  of  one  mineral  in  another,  and  definite  conditions 
of  equilibrium,  even  in  rather  comjdicated  groups  of  minerals,  which 
enables  us  not  only  to  interpret  the  relations  developed  by  such  a 
thermal  study  as  tiiat  outlined  above,  but  also  to  assure  ounelves 
iiia.t  only  a  definitely  limited  number  of  compounds  of  two  minerals 
can  exist,  that  they  must  bear  a  constant  and  characteristic  relation 
to  each  other  under  given  conditions  of  temperature  and  pressure, 
and  that  changes  of  temperature  and  preeaure  will  ^ect  this  relation 
ia  a  definite  and  determinable  way.  Physical  chMnistry  not  only 
takes  into  account  the  chemical  compomtion  of  mineral  compounds, 
but  their  physical  properties  as  well,  throughout  the  entire  tempera- 
ture  region  in  which  they  have  a  stable  existence,  and  therefore  fur- 
nishes us  at  once  with  the  possibility  of  a  new  and  adequately  com- 
prehensive claasifioation  of  all  the  minerals  and  rocks  in  the  earth. 
Ilie  value  of  an  adequate  ^stem  of  dassifioation  appeals  chiefly  to 
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those  whose  duties  bring  them  into  intimate  relataons  with  the  aubjeot 
matter  of  a  soiwice,  but  80  much  may  appropriately  be  said  that  a 
oonsistent  applioation  of  physical  obemistry  to  the  minerals  may 
operate  in  the  not  far  distant  future  to  develop  an  entirely  new  con- 
cf^tion  of  tlie  acimioe  of  mineralogy. 

As  the  nimLber  and  scope  of  suoh  exaot  measurements  increase, 
we  gradually  build  up  what  may  be  called  a  geologic  thermometer. 
Just  as  th^e  location  of  fossils  offers  a  basis  for  estimating  geologic 
time,  it  often  happens  that  a  mineral  takes  on  a  variety  of  different 
crystal  habits,  according  as  it  happened  to  form  at  one  temperature 
or  anoiher.  Quartz,  for  example,  which  is  one  of  the  commonest  of 
natural  minerals  and  one  of  the  most  familiar,  undergoes  two  changes 
in  ite  crystal  form  which  leave  an  ineffaoeable  record.  One  occurs 
at  575°  and  the  other  at  800°.  An  optioal  examination  of  even  a 
minute  quartz  fragment  from  the  mountainside  will  reveal  to  the 
skillful  petrologist  whether  the  crystal  formed  at  a  temperature 
below  675°,  between  576"  and  800°,  or  above  800°.  And  if  we  could 
have  at  otu*  disposal  a  great  body  of  suoh  exact  measurements  of  the 
temperature  region  wiUiia  which  partioulai  crystals  originate  and 
remain  stable,  we  could  apply  that  directly  to  terrestrial  formations 
in  which  this  mineral  occura,  and  read  therein  the  temperature  which 
must  have  obtained  during  their  formation.  All  this  will  not  be 
done  in  the  first  year,  and  perhaps  not  in  the  first  decade;  but  the 
ultimate  effeotivffiiess  of  this  method  of  procedure  in  establishing 
the  relations  between  the  minerals  and  the  valuable  ores  is  now  as 
certain  of  success  as  the  operations  of  any  of  tihe  sciouies  which  have 
now  come  to  be  characterized  as  exact,  as  opposed  to  descriptive. 

Iliere  is  one  intportant  differenoe  between  die  great  laboratory  of 
nature  and  ita  feeble  human  counterpart.  Nature  operated  with 
large  masses,  mixed  with  a  generous  hand,  and  there  was  always 
plenty  of  time  for  the  growtii  of  great  individual  crystals,  at  which 
we  marvel  whenever  we  encounter  them,  and  which  we  have  stnne- 
times  come  to  regard  highly  as  precious  stoneB.  To  carry  these 
processes  into  the  Iaborat<»7  is  nacessarily  fraught  with  certain  limi- 
tations. The  quantities  must  remain  small  and  the  tjme  and  avail- 
able financial  resources  will  always  be  limited.  So  long  as  we  are 
able  to  ascertain  the  optical  character  of  a  crystal  with  equal  exact- 
ness whether  the  crystal  is  of  the  size  of  the  proverbial  mustard  seed 
or  a  walnut,  the  scientific  laboratory  can  not  properly  afford  the  time 
neceesuy  to  produce  the  la^e  crystals  which  nature  offers  so  abun- 
dantly. Furthermore,  the  crystals  of  nature  often  owe  their  brilliant 
coloring  to  slight  admixtures  of  impurity,  which,  to  the  scientific 
laboratory,  spell  failure  and  are  avoided  witii  the  utmost  care.  Moat 
of  the  miner^  crystals,  when  reproduced  in  the  laboratory,  are  quite 
colorless.    And  so,  although  the  question  is  often  raised  whether  we 
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are  not  really  engaged  in  the  artificial  production  of  gems,  and 
although  the  seductive  character  of  such  an  inveatigation  would  no 
doubt  appeal  to  many,  it  must  be  admitted  that  the  geological 
laboratory  is  not  and  probably  will  never  become  the  serious  com- 
petitor of  nature  in-  those  directions  in  which  nature  has  produced 
her  most  briUiant  effects. 

In  what  has  preceded  I  have  laid  emphasis  upon  the  value  of 
experimental  measurements  in  the  systematic  development  of  a  more 
exact  science  of  the  earth.  It  is  a  fair  question,  and  one  which  is 
very  often  raised,  whether  all  ihia  investigation  has  a  utilitarian  side, 
whether  the  knowledge  obtained  in  this  way  and  with  such  difficulty, 
will  help  to  solve  any  of  the  problems  arising  in  the  exploitation  of 
our  mineral  resources  or  assist  in  our  industrial  development  It  is 
neither  wise  nor  expedient,  in  entering  upon  a  new  field  of  research, 
to  expatiate  long  upon  its  practical  utility.  Its  principles  must  first 
be  established,  after  which  there  is  no  lack  of  ingenuity  in  finding 
profitable  application  of  them. 

The  dev^opment  of  thermoelectric  apparatus  for  the  apcurate 
measurement  of  hi^  temperatures  was  begun  and  has  been  pet> 
fected  in  the  interest  of  geophysical  research,  and  it  has  already  found 
such  extended  application  among  the  technical  industries  as  to 
demand  the  manufacture  and  calibration  of  thousands  of  such  fai^ 
temperature  thennometers  every  year.  The  tempering  and  im- 
pregnation of  steel  are  no  longer  dependent  upon  the  more  or  less 
trained  eye  of  the  workman,  but  are  done  at  measured  temperatures 
and  under  known  couflittons  which  guarantee  the  uniformity  of  the 
product  and  admit  of  adaptation  to  particular  purposes,  like  high- 
speed tools  or  armor  plate.  This  has  the  incidental  but  far-reaching 
industrial  consequence  tJiat  workmen  of  great  individual  skill  in  these 
industries  are  much  less  necessary  now  than  formerly.  Everything 
is  accomplished  by  bringing  temperature  conditions  under  mechanical 
control  and  making  them  absolutely  reproducible  without  the  exercise 
of  critical  judgment  on  the  part  of  anyone. 

A  more  intimate  knowledge  of  the  behavior  of  the  minerals  them- 
selves finds  almost  immediate  industrial  appUoation.  An  industry 
which  has  grown  to  enormous  proportions  in  recent  yean  is  the 
manufacture  of  Portland  cemoDt,  about  which  little  more  has  been 
known  than  that  if  certain  natural  minerals  were  taken  in  the  proper 
proportions  and  heated  in  a  peculiar  furnace  developed  by  experience, 
the  resulting  product  could  be  mixed  with  water  to  form  an  artificial 
stone  which  has  found  extcmsive  applioation  in  tiie  building  trades. 
Chemical  uialyus  readily  established  the  fact  that  the  chief  ingre- 
dients in  a  successful  Portland  cement  were  lime,  alumina,  and  silica, 
with  s  small  admixture,  perhaps,  of  iron  and  magnesia:  but  the 
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relation  in  which  these  ingredients  stood  one  to  another — that  is, 
which  of  them  were  necessary  and  which  merely  incidental — and  in 
what  compounds  and  what  proportions  the  necessary  ingredients 
required  to  be  present,  has  never  been  satisfactorily  established. 
When  we  know  the  stable  compounds  which-  lime,  alumina,  and 
sihca  can  combine  to  form,  together  with  the  conditions  of  equi- 
librium between  these  for  different  temperatures  and  percentages 
of  each  component,  a  formula  can  be  written  offhand  for  a  success- 
ful Portland  cement  from  given  ingredients  somewhat  as  an  experi- 
enced cook  might  write  out  the  recipe  for  a  successful  dish.  Such 
definite  and  vaKiable  knowledge  is  not  beyond  our  reach.  To 
obtain  it  requires  in  fact  precisely  the  same  system  of  procedure 
which  has  been  described  above  and  which  has  already  been  suo- 
ceesfully  applied  to  many  of  the  natural  minerals  which  have  been 
reproduced  and  studied  in  the  Geophysica]  Laboratory  during  the 
past  five  years.  It  happens  that  we  have  examined  a  considerable 
number  of  these  very  mixtures  in  oiur  recent  work  upon  the  rooks. 
All  the  compounds  of  lime,  silica,  and  alumina  have  been  established, 
and  a  portion  of  the  silica-magnesia  series  and  their  relations  have 
been  definitely  determined  throughout  the  entire  range  of  accessible 
temperatures.  There  is  no  reason  to  apprehend  serious  difi^ulty 
in  applying  the  same  procedure  to  the  commercial  ingredienta  of 
Portland  cement  and  replacing  the  present  rule-of-thumb  methods 
and  uncertain  products  with  dependable  cements.  The  problem 
of  determining  ihe  relation  of  the  ingiedienis  in  commercial  cement 
and  the  conditions  necessary  for  its  successful  formation  is  exactly 
the  same  in  character  as  tlwt  of  determining  the  conditions  of  frav 
mation  of  the  rocks  of  the  earth. 

'  A  physico-chemical  investigation  of  the  sulphide  ores  over  a  wide 
range  of  temperatures  and  pressing  has  also  been  undwtaken, 
which  has  developed  a  large  body  of  exact  information  of  value  in 
raining  industry.  And  such  illustrations  could  be  continued  almost 
indefinitely  if  it  would  serve  any  useful  purpose  to  do  so. 

Ilie  industrial  world  is  not,  as  a  rule,  interested  in  scientific  prin- 
dples;  the  principle  must  first  be  narrowed  down  to  the  scope  of 
the  industrial  requirement  before  its  usefulness  is  apparent.  The 
immediate  effect  of  an  industrial  standpoint  is  therefore  to  restrict 
investigation  at  the  risk  of  losing  sight  of  underlying  principles 
entirely.  An  illustration  of  this  has  oome  down  to  us  through  the 
pages  of  history,  of  a  cdiaracter  to  command  and  recdve  the  utmost 
respect,  for  such  another  oan  hardly  be  expected  to  occur.  We  have 
honored  the  early  philoeopbera  for  their  splendid  seandi  after  broad 
knowledge,  but  in  what  is  now  the  field  of  cJiemistiry  they  allowed 
themselves  to  be  turned  aside  to  the  purauit  of  a  single 
strictly  utilitahan  problem — the  transmutation  of  base  metals  into 
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gold.  The  hiatory  of  chemistry  is  &  history  of  this  one  problem 
from  the  fourth  to  the  sixteenth  century — 12  centuries  before  a 
man  arose  whose  bro&der  standpoint  enabled  him  to  divert  the 
fruitless  search  into  other  chanoela  from  whicb  a  science  has  slowly 
ari&rai  whidi  is  now  so  broad  as  to  overlap  most  of  the  other  sciences 
and  withal  so  practical  that  hardly  an  industry  is  entirely  independent 
of  it. 

The  Bo-oalled  praolicfJ  questions  may  therefore  as  well  be  left 
to  take  care  of  themselves.  There  has  been  no  lack  of  ingraiuity 
in  making  profitable  application  of  systematic  knowledge  whenever 
the  need  for  it  became  insistent,  for  the  rewards  of  such  effort  are 
considerable.  And  it  is  no  longo*  an  argument  against  proceeding 
to  establish  relationships  in  a  new  field,  that  the  scope  of  their  appli- 
cation can  not  be  completely  foreseen. 

Now,  what  more  promising  questions  occur  to  one  than  these: 
If  the  earth  was  originally  fluid,  as  it  appears  to  have  been,  and 
has  gradually  cooled  down  to  its  present  state,  its  component  minerals 
must  at  some  time  have  been  much  more  thoroughly  mixed  than 
now;  how  did  they  come  to  separate  in  the  process  of  cooling  into 
highly  individualized  masses  and  groups  as  we  now  find  them,  and 
what  were  the  steps  in  their  deposition!  If  the  whole  earth  was 
hot,  whence  came  the  marble  of  which  we  have  so  much  and  which 
can  withstand  no  heati  What  has  given  us  the  valuable  deposits 
of  iron,  of  gold,  of  precious  stones?  What  determines  the  various 
crystal  forms  found  in  the  different  minerals,  and  what  is  their 
relation!  Some  must  have  formed  under  pressure,  some  without 
pressure,  some  with  the  help  of  water,  and  some  without.  Where 
is  the  center,  and  what  the  source  of  enei^  in  our  volcanoes!  All 
these  questions  and  many  more  the  geophysidst  may  attempt  to 
answes 
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A  TBIP  TO  MADAGASCAK,  THE  COUNTEY  OF  BERYLS.' 


By  A.  Lacsoix, 
Membrt  dt  I'lnttitut  de  Pranet. 


Madagascar,  the  land  long  full  of  mystery  and  of  fabulous  legends, 
has  ever  since  it  was  opened  up  to  the  world  been  noted  for  its  mitLeral 
riches. 

The  second  Frenchman  who  landed  on  the  island,  Capt.  Jean 
Fonteneau,  called  Alphonse  le  Saintongeois,  declared  that  he  found 
precious  stones  there  in  1547.'  One  hundred  years  later,  in  1668, 
Flacourt'  speaks  of  topazes,  aquamarines,  emeralds,  rubiee,  and 
sapphires,  and  shows  on  his  map  the  places  where  one  could  find 
those  marvelous  masses  of  rook  crystal,  limpid  as  the  purest  water, 
which  have  ever  since  been  sought  after  for  ornamentation  and  for 
optical  use.*  Up  to  the  middle  of  the  last  century  every  traveler 
who  wrote  about  the  "Grand  He"  did  not  fail  to  note  the  great 
abundance  of  gems  there,'  although  many  attempts  at  their  practical 
utilization,  made  in  the  seventeenth  and  eighteenth  centuries  by 
the  French  East  India  Co.,  had  lamentably  fuled. 

When  the  period  of  scientific  exploration  commenced,  some  fear- 
less pioneers,  in  the  front  rank  of  whom  I  would  place  our  colleague, 
M.  Alfred  Qrandidier,  quickly  made  known  the  principal  features, 
80  peculiar,  of  its  flora  and  fauna,  but  all  that  concerned  its  miner- 
alogy was  hardly  glanced  at,  for  a  reason  that  I  will  explain.  In 
order  to  protect  its  mineral  resources  the  Government  of  Madagascar 
had  instituted  a  system  as  ingenious  as  it  was  efficient.  One  penalty 
only — and  that  was  death — stopped  all  mineral  research  by  for- 

iLect)i»ataieMlDluln]MtlngidtbaCU>qAcadAiikBd«l'IniIltiitdeFnnca(OcL  21,1813).   Ttwulatad 
bjr  parmtakm  from  La  QJognpMa.   Ballgtfii  of  the  Oaographical  Sodstr  of  Picli,  Nor.  15, 1912. 
■  Voyiga  adnstiirtux  dn  oapltaine  J«u>-Alpbaine-l«4>l[iloiiceols,  Pirii,  UW  (reprioMd  In  CoIL  onvi. 
•DC.  Uadag.  by  A.  and  O.  arudidlM,  vol.  1,  pp.  02-05). 

•  HlrtoMdClftOrandelBlsdclftdaguou',  Paris,  1A5S.   -A^ 

•  ThbmiiKsilwMlooiidlDtbsilTeisor  th»»utcinaout,tQwDotSi(rfai«Bs;o[AnlDngIluidD(>lablr 
fci  tba  T^lon  of  VtAcmar.  I  have  specfflsd  (Comptcs  It«ndii9  del'Aead.  dafiolBncM,  Fii]>,Tal.  155,inz, 
p.  491)  QMOondlttaiisiuidmrbiohtliiBmlDWal  abounds  on  the  hlgbplatosna.  Ths  bods  actnaOj  worksd 
Id  pboa  HO  pookatB  at  crystata  In  tbe  metsmorpboMd  quarttlta. 

•  Notably:  (Dn  Bob)  LwvoyitHtalti  par  l«ilBDrD.B.  am  Ilea  Dauphloa  on  Uadagascsrat  Bourbon 
oa  UaacmniM,  A)  anmaa  1HB-T0>  71  at  72,  Farb,  1B74,  IGI .  Bouchn  de  Retmsiart,  Hbtolre  dee  Inda  orton- 
Mn,  Leide,  IM^  173.   DebHayettCann,  JmnuldUToyBgedtaOiaiidailndea,  Parb,  IBM. 
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signers.  Since  the  French  occupation  of  the  island,  the  prospectors 
have  taken  their  revenge.  The  map  of  the  "Service  des  Mines," 
on  which  is  recorded  the  sites  for  permits  for  research,  resembles  a 
swarm  of  ants. 

Among  the  treasures  that  this  remarkable  activity  has  drawn  from 
the  earth,  precious  stones,  along  with  gold,  must  be  placed  as  the 
principal  object  of  exploitation.  The  conjectures  of  ancient  voy- 
agers have  been  realized,  but  I  should  say  that  the  mineral  deposits 
now  worked  are  not  at  all  those  which  they  believed  they  had  dis- 
covered. They  knew,  only  of  those  near  the  mouths  of  the  rivers  of 
the  eastern  coast  and  in  the  neighborhood  of  Fort  Dauphin,  there 
where  modem  research  has  so  far  brought  to  light  only  some  quartz 
and  poor  garnets,  unfit  for  any  economic  use.*  The  real  depodts  are 
found  elsewhere. 

Official  statistics  show  that  in  191 1  there  were  exported  from  Mada- 
gascar 470  kilograms  of  stones  ready  to  be  cut;  it  is  a  good  omen  for 
the  future  of  so  new  an  industry.  I  was  at  ita  birth.*  I  have  followed 
its  rapid  strides  while  there  has  been  unearthed  material  of  a  scien- 
tific interest  of  the  first  order.*  Thus  in  the  course  of  a  recent  mis- 
sion, to  which  I  was  attached,  I  undertook,  among  other  subjects,  to 
study  on  the  spot  all  the  mineral  occurrences  that  mi^t  yield  the 
least  gem.    I  now  propose  to  outline  what  I  saw. 

>  It  ft  llMwn  by  tba  ftdlawinc  nbraica  that  it  wu  tbna  tnloBsls  that  thorn  (arly  uploien  lud  smu: 
Id  IMA  Frangola  MartiD  (th«  louoder  ol  Ptnullohfry)  rara  thst  the  paamcen  or  tho  Vltrit  da  Bm  Pan 
bnw^t  a  gosDtlt;  of  lopaDii,  uutUiyxta,  uid  other  ealived  itoua  thMt  itstj  had  found  at  Fort  Daolitla. 
"That  ha*  been  a  fuioy  ot  ths  Franoh  who  wns  hi  the  Island,  bnt  tha;  hare  not  baen  appreciated  In  Fnooa 
bnauae  ther  weie  found  too  fragile."    (ArohlTn  natlonalea,  UB.) 

In  1MB,  De  Far*,  dlreebH  of  commene  ot  the  ^ait  &idlaC(L,«rDt«  "that  the  Mmpany  has  beoi  vwy 
moch  DDdeoatTtd  od  thesnbleot  at  Knne  pncfcms  atonn  at  irhich  wondartul  thtngi  had  beoi  prambad  him 
and  lor  whloh  In  bidla  tba;  had  not  glTOl  a  wni  per  thonauid  [soma  topaHB  and  amathrsta  trom  the  ttapeM 
RtvtrCFcrtDnipUn)].    (Arah.HIn.ColoiiI«,UHiDMrfiiti.) 

Thh  lartatoy  k  eonflnned  by  Dela  Ba;a  (op.  sit,  SI).  "Dlraotm'  Caron,  airlvtag  at  Borate,  oUcrwl 
■ime  to  thasaremor  at  the  city ,  vho  refluad  them,  amlUng  at  the  gUt,  which,  liowaTer,  vas  nine  ot  the  moat 
bamtUbl  ateon  that  had  yet  bMD  awn  and  Hie  •malleitaa  large  as  aqiiall'atBg,  and  all  eat  InvatkNB 
•hiV>-  Tb*7WM««bowiiloNT«ral]«wtto8,wlwwarBpra»edb)atatethMr  nliie,aodnoiw(atlmatad 
bliher  than  9  rapam  tor  tha  moat  baaotUUI  and  37  lor  all  Uie  others." 

t  Tba  flnt  tpMtiMiu  nedred  at  the  ntMRun  were  a  beaatilnl  wyital  of  rabelUU,  aoffle  small  sap^ifrea 
and  atnstu,  ^vea  to  Utl  by  A.  QnaUUdler.  (Tannattac.  Bon.  Seo.  fran$.  mtntr.,  voL  14,  IWl,  p.  «B.) 
Tb«  llrtt  tpeotmcDB  reported  In  Franoa  with  the  preobe  hidiciatiDns  of  their  looaLtln  were  glvsn  to  me  by 
E.Qaatlar:Idncrfbedthemtoian(BDU.I[u>«am,p.SlS);almi*Ut<rW.vmiamneBentmesMtwtout. 
mallnca  fcand  by  htm  to  the  weat  oI  Uoimt  B  Hy. 

I  bdlem  that  I  was  the  Brst  to  have  tlieae  predoui  stonea  of  Uadagascar  cat  fn  a  Bystamatia  babkm,  tii- 
lowing  the  expcaltton  made  at  the  musenm  at  the  time  ot  (he  expedition;  theia  were  some  ohrygoberyla, 
■cm*  garnets,  aoma  aamndnms,  and  topazes,  ato.,  from  the  alluvia  of  Belambo  near  Uevatanana  and 
bronght  baak  by  U.  Suberble.  I  attowardi  eihibltad  In  the  OBUeryotUhuralografinsserlesotrellow 
and  brown  touiinallnca  that  I  bad  bad  cat  with  the  aid  of  patlenu  from  the  region  ot  TsDabfaiB,  that 
Kr.  GBra)H-lbKiti)illiadaantma,«bowaithenclilefof  theProvlDeeDt  Betafo. 

■  I  haT«  daaorlbad  these  materlala  hi  numerous  notes  and  memoln.^iartlculu'ly  fn  my  IClnfralogla  dell 
Franpe  at  da  an  ColcDiu,  Tot9. 1-1,  lS93-190a,  In  the  article  MlnAralogle,  m  Uadagaacat  au  XX  Steele,  IMH, 
PP.K-10T,tlMnInthBCompta  Rendnsdsl'Ao.  die  Sciencessnd  In  the  Bulletin  dela  SocMUIraocaJsede 
KtoinlogisIiomKKIStOlOU.  See  also  the  notce  ofM.  UauneyrwandotU.  DabrenCehowingsomeiaaDlla 
ofth«mlMlimVDIIanne)ln  the  Bulletin  del' Acaddmlemalgache,  vol.  t,  IMS,  and  In  the  Bnlletm doono- 
mlqae  de  MadagMcar,  Km,  besides  those  ot  UH.  Dapare,  Wnnder  and  Babot  In  the  BoHeUn  delaSoelM 
ftangataa  de  HInftalagle,  UtO-lSU,  In  the  AicUrta  Slid  the  Uemolra  da  la  SociM  die  Sokiwaa  Dhjiiqiua 
ftMtamiM  d«  Qantvs,  IBIO, 
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It  18  neceesaty  first  of  all  to  imderstand  what  we  mean  by  a  precious 
stone.  Mineralogists  classify  minerals  in  tlie  first  place  according  to 
their  chemical  composition,  then  they  determine  from  the  form  of  the 
crystals  how  to  establish  subdivisions  of  a  second  order;  therefore 
precious  stones  are,  from  every  point  of  view,  chemical;  a  simple 
element,  oxides,  aluminates,  silicates,  and  many  other  combinations. 
All  the  modalities  that  can  form  crystalline  synmietry  are  found 
represented  there.  It  is  not  then  the  questicm  of  a  natural  family 
but  of  an  artificial  grouping. 

To  be  a  precious  stone  a  mineral  must  imite  a  number  of  qualifiea- 
tjonfl.  It  must  be  transparent,  of  a  fine  water;  that  is,  very  limpid. 
It  should  have  a  strong,  clear  color;  hence,  the  doubtful  tints,  the 
halftones  dear  to  painters,  those  which  form  the  charm  of  certain 
flowers  and  the  adornment  of  many  animals,  are  not  in  favor.  Ilie 
mineral  should  be  very  brilliant,  which  depends  upon  tvro  optical 
properties,  disperaion  and  refraction ;  this  last  is  dependent  on  den- 
eity;  therefor©  precious  stones  are  more  or  less  heavy,  finally,  it 
must  be  hard,  so  ^  to  take  and  hold  a  fine  polish.  Ths  more  &  stone 
tmites  these  qualities  in  a  h^h  degree,  ihe  more  readily  does  it  hold  a 
high  place  in  the  realm  of  gems,  a  place  which  in  additktn  to  this  is  in- 
fluenced by  itfl  comparativrfy  great  rarity. 

To  these  intrinsic  properties  of  the  stone,  we  should,  howoTer, 
add  something  exterior  to  it  that  escapes  the  analysis  of  a  min- 
eral<^ist,  for  it  is  nothing  less  than  feminine  fancy,  changing  with 
the  fashion.  Thus,  thanks  to  the  favor  which  artistic  jewels  now 
enjoy,  these  stones,  so  correctly  called  "fancy,"  until  lately  so 
n^ected,  are  each  day  more  and  more  sought  after.  Madagascar 
should  not  complain,  for  these  are  the  stones  that  most  of  all  adorn 
her  jewel  case. 

The  definition  which  I  am  going  to  give  may  be  exact;  it  is  not, 
however,  a  general  one.  There  are,  in  fact,  some  minerals  which  are 
neither  limpid,  nor  clear,  nor  dense,  nor  bard,  and  yet  are  con- 
sidered as  precious  stones.  Such  is  the  opaque  turquoise,  which 
owes  its  popularity  to  its  beautiful  delicate  blue  color;  such  is  the 
opal,'  which  takes  the  charm  of  its  beauty  from  the  warm  reflections 
that  play  about  in  its  semitr&nsparency. 

A  mineral  which  may  constitute  a  gem,  and  sometimes  of  the 
highest  value,  is  found  not  alone  in  its  precious  form.  At  Madagascar 
even  corundum  forms  transparent  sapphires,  the  value  of  which  is 
estimated  by  the  carat  of  200  milligrams,  and  besides  some  enormous 

1  Theapdl9Bl3DtD<uidliiUadBEucar,biitItUiiotyBt  quanled;lnlluplioadlt«tiBcb7ts,i»mIiigtn)m 
the  Muth  of  FanlsQia,  It  consUtutea  vmy  naall  vttia,  vhidb  posMs  leflsctkau  equal  to  tticsB  of  tbe  opal 
of  HuiigBi7  ud  also  lofflc  imall  vbeds  wUch  recall  tlie  lira  opal,  bot  Mth  a  Unt  man  brown  than  red. 
I  vlilted  tlkla  deposit  but  oolleoted  onl;  unall  bagmtntB. 
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Opaque  ciyatAls  which  are  exported  by  the  ton  and  utilized  only  in 
the  abrafdve  induatiy.' 

On  ihs  other  hand,  the  list  of  gems  is  not  definitely  closed,  for 
from  time  to  time,  following  the  discovery  of  a  new  dqioait,  the 
Ust  is  increased  by  the  name  of  a  mineral  until  then  considered  a 
mere  pebble,  because  thou^  possessing  some  of  the  qualities  enumei' 
ated  above,  it  has  been  lacking  in  transparency  or  in  a  pleasing 
color.  Madagascar  furnishes  some  examples  of  this.  One  of  the 
most  common  constituents  of  the  rocks  which  form  the  granite 
moontains  of  all  countries — potash  feldspar — ^has  been  found  in  a 
locality  lost  in  the  south  (Itrongahy,  about  midway  betvecoi  Betroka 
and  Benenitra)  in  crystals  of  an  admirable  limpidity,  set  off  by  a 
yellow  color  as  warm  as  it  was  unusual  and  which  gave  it  the  ^>pear- 
ance  of  golden  beryl,'  Very  near  there,  scattered  throu^  the  soil, 
were  found  some  fragments  of  a  species  of  mineral,  the  name  of  which 
has  never  been  heard  by  any  of  you,  the  "komenipine."  * 

Instead  of  forming  grayish  and  opaque  rods,  as  in  the  single  dqxwit 
in  Greenland,  where  until  recently  it  had  only  been  found,  it  consti- 
tutes a  transparent,  sea-green  stone  slightly  recalling  certain  aqua- 
marines but  with  an  incomparably  superior  brilliancy. 

Up  to  the  present  time  no  diamonds  have  been  found  in  Madagas- 
car, but  nearly  all  the  other  gems  occur  there  in  great  abundance. 

Many  of  the  minerals  are  seen  in  their  original  matrix,  others  are 
gathered  iu  the  alluvium  resulting  from  the  breaking  up  of  their  vein- 
stone in  place,  while  still  others  are  a  part  of  the  alluvium  ac^tmiulated 
by  the  work  of  streams. 

The  Grand  He  is  made  up  principally  of  a  basement  of  ancient 
rocks,  eruptive  and  metamorphic,  ending  abruptly  on  the  eastem 
side  in  high  cliffs  which  are  separated  from  the  Indian  Ocean  by  a 
narrow  plain,  low  and  sandy,  while  toward  the  west  the  island  t«r- 
minatee  in  a  way  no  less  abrupt,  serving  as  a  buttress  for  some  sed> 
mentaiy  formations  which  come  to  an  end  in  the  Mozambique  Chan- 
nel. All  the  deposits  of  precious  stones  are  located  in  the  central 
ridge  and  particularly  on  the  high  plateaus  that  crown  the  island. 

One  of  the  priuc^ial  attractions  of  a  trip  to  Madagascar  is  the  con- 
trasts encountered  at  every  step,  contrasts  due  to  nature,  contrasts 


in  mta  Mblati  In  MauunUaD  with  pmoM*.   (Compta  R«iiilia  da  I'Atad.  dea  BctawM,  tcL  IM,  lUl, 
p.  7>T.)   Then  mm  uporUd  In  1811.  IM  tona,  and  tlila  quantltr  vlll  wlthoQt  doubt  ba  donblad  la  IRU. 

•  Iti  baidnaaa  (t)  li  Ina  thui  that  of  tha  bVTt,  IikawlaB  tha  danalty  (9^  to  iM)  ud  alao  Its  rrfnctkm 
<iV-I.fiU3,  THa-l.E2t8,  «^-l.£ltT). 

■  Komerupina  la  a  magaeslum  alnmlnlitn)  allkata.    Onca  cut,  It  la  dlrtlnpilahsd  from  tha  u 
u  veil  aa  from  tha  green  andaluaila  of  BniD  bj  lU  iB7  gnat  daiuity  (.iX)  and  Mpadally  by  lla  n 
{n^l.SH2,  nx-l.«m,  np~l.m3).    (A.  Lwialx,  Coinptea  Haadm,TaL|lU,  1012.  p.  ns.)   A  varlaV 
named  prlsmalina  hu  baen  found  In  tha  gnnullta  of  San,  but  It  la  temed  ool;  of  little  gnTlah.  rodi  not 
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due  to  men  and  to  tlieir  industry.  Th^ascrait  from  the  eastern  side 
to  TuMnuive  is  startling  from  this  point  of  view.  The  canal  from 
Pangalanee  permits  crossing  the  coastal  zone,  marshy  and  warm. 
The  arduous  ascent  of  more  than  1 ,600  meters.'  of  j  a^ed  rocks,  whence 
fall  raging  cascades  in  the  midst  of  the  humid  luxuriance  of  a  tropical 
forest,  leads  to  vast  plateaus  corered  by  the  grassy  steppe  which  is 
prolonged,  barren,  and  dry  until  the  moment  when  the  high  hills  o{ 
Tananarive  commence  to  carve  themselves  against  the  sky,  coming 
Dearer  little  by  littie,  then  appearing  in  the  midst  of  vmlaat  rice 
plantations  with  all  the  details  of  their  red  beauty. 

The  means  of  transportation  which  permitted  me  to  reach  my 
destinatacHi  were  not  lees  varied.  The  slowness  and  the  lack  ot 
comfortable  navigation  through  the  canal  on  the  plain  made  us  better 
appreciate  the  qieed  and  elegance  of  the  railroad — a  bold  undertaking, 
wldch  in  lees  than  13  hours  climbed  over  the  high  rounds  of  the  titanic 
trestle,  leadiog  to  (be  neighborhood  of  Ocean  by  the  side  of  the  bat- 
tered plateau  on  which,  much  farther  still,  the  UaUgasy  capital  stands. 
It  was  by  automobile  that  the  172  kilometers  which  separate  Tanana- 
rive &om  Antsir&be,  my  first  center  of  exploration,  were  traversed 
and  I  descended  from  a  veJiicle  of  the  latest  model  only  to  mount  a 
"filanzane"  (seat  suspended  between  long  poles). 

At  the  risk  of  being  called  an  old  retrograde  academician,  I  dis- 
tinctly state  that  between  the  automobile  and  the  filanzane  my 
sympathy  for  t^  geologiBt  goes  straight  to  Uie  latter. 

The  jovm^  from  the  capital  to  Antsirabe  was  like  the  cup  of 
Tantalus  forme.  Over  this  road,  still  new,  we  rolled  along  with  dinsy 
speed;  before  my  eyes,  accustomed  by  a  montii  of  the  bush  to  the 
monotony  of  the  red  eartJi  whicb  covere  the  greatest  part  of  the 
island,  the  rocky  walls  recently  torn  up  by  dynamite  appeared  like 
flashes  of  lightning  exposing  to  the  sun  their  nmrvelous  freshness. 
Upon  l^e  slope  some  broad  surfaces  of  granite,  reflecting  white  or  roee, 
wore  loosened,  magnificent,  with  innumerable  dark  Bpot«,  basic  inclu- 
aions,  which  I  se^  throughout  the  world  that  I  may  learn  from  tbem 
the  secret  of  the  genesis  of  the  rocks  which  inclose  them;  then,  as  in 
a  giant  kaleidoscope,  there  succeeded  some  gneiss  in  many  colored 
strata,  revealing  the  complexity  of  their  nature,  some  veins  of  every 
variety.    What  more  do  I  know  1 

Eacii  turn  of  the  wheel  brings  a  new  temptation.  My  hammer 
bums  my  hands.  But  alasl  deaf  to  my  prayers,  the  conductor  of  the 
inf  emal  machine,  bending  over  the  steering  wheel,  slave  to  the  hour, 
refuses  the  slightest  stop  and  we  keep  rolling  on. 

With  the  filanzane  these  distractions  are  unknown.  Xicely 
perched  on  a  little  seat  of  cloth  between  two  long  bus  resting  oa  the 

<  Tbt  nibiad  attmlns  tb«  bal^  id  IfiX  mtUa  brtiratti  Uw  Hatk 
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shoulders  of  four  strong  fellows,  the  traveler  is  master  of  his  destiny. 
The  measured  step  of  the  porters,  the  resulting  rhythmic  morement, 
hardly  disturbed  each  minute  hy  the  interchange  of  the  bushmen,  are 
not  without  charm  and  induce  revery. 

In  the  plain,  on  a  track  well  matked,  the  Malagasy  loves  (o  t^ke  a 
ranuouB  course,  hut  just  as  soon  as  the  land  changes,  he  uses  nothing 
but  the  sb«ight  path.  It  happens  sometimes  that  one  is  almost  ooct 
in  the  stiiTups  during  steep  descents,  or  the  head  is  lower  tiian  the 
feet  on  steep  ascents.  'Hie  inexperienced  sufferer  makes  sad  reflectionfi 
on  certain  proprieties,  new  to  him,  of  the  shortest  way  from  one 
point  to  another,  but  he  soon  reassures  himself  as  he  learns  the  skill, 
the  wonderful  steadiness  of  hk  servants,  and  without  feu*  trusts  to 
them,  and  feels  himself  carried  at  a  bound  over  all  obstacles. 

This  mode  of  transportation  is  not  slow,  for  it  is  possible  to  make 
70  kilometers  in  a  day,  thou^  about  50  kilometers  is  a  good  average, 
and  can  be  maintained  for  several  weeks  with  the  same  men  <m  con- 
dition that  some  village  be  reached  from  time  to  time,  when  the 
bushman  may  find  fresh  meat,  a  good  night's  lodging,  and  rest. 

The  Malagasy  porter  is  a  big  child,  laughing,  talkative,  obliging, 
temperate,  earaly  contented,  and  from  whom  one  can  gain  a  great  deal, 
when  he  is  treated  in  an  equitable,  kindly  way,  but  with  fimmees. 

At  the  end  of  my  four  months  of  nnintemipted  round  in  the  bush, 
I  was  alfumed  about  them  only  once.  One  morning,  their  humorous 
stories,  related  as  usual  at  the  time  of  departure,  were  longer  than 
was  customary.  The  stories  were  told  in  an  animated  didogue 
between  two  of  tiie  band,  who  replied  to  each  other  in  a  tone  growing 
sharper  and  sharper,  and  they  became  more  and  more  excited  by 
the  applause  for  some  story  well  told,  until  t^e  two  chief  actors 
caught  each  ot^er  by  the  hair  on  some  trifling  pretext.  I  had  to 
intervene  to  prevent  a  general  fight.  My  cook,  1^0  was  iaterprOter, 
having  stayed  behind,  forced  me  to  await  his  arrival  to  leatn  the  real 
cause  of  the  conflict.  Tlie  debate  was  in  a  way  philosophical.  The 
queetaon  was  whether  it  is  best  to  be  economical  each  evening  with 
cme's  wages  or  if  it  he  not  better  to  spfflid  them  as  most  of  IImbo 
talters  had  very  certainly  done  the  night  before. 

It  was  in  that  equipage  that  I  thoroug^y  explored  the  region  of 
precious  stones,  which  forms  a  great  rectangle  about  200  kilometers 
long  horn  north  to  south  and  SO  or  more  wide  from  east  to  west.' 

1  to  Uw  Dorthwnt  of  AntoinM,  tb«  oubUris  of  lUuidnilvD  (AmpuigaM  fa 

M,  llie  ncton  ■ftmted  H>  tha  mat  (Anjuuboun)  and  to  ttw  smth  of 

0,  Zitnalaca,  ata);  to  ttat  wrath  Dt  AntaAraM,  lh«  nUtr  of  thi  Batatsn; 
TlotiAy;  SaliaiitTotiy,  to  thfl  caat  at  Uonat  Blt7,  tben  Tooie  to  ttaa  aontb  on  tba  otbar  ikla  of  Uu 

[ooB,  a  anin  of  bedi  iltmtad  to  the  sonhwort  and  to  tlM  iT«at  ot  Amlx^tia  and  tlwi  MSI  taitlw 
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The  vaSey  of  tlie  Sahatany  River  southwest  of  Antsirabi,  may  l>6 
t^^i  as  an  example.  I  came  upon  It  in  going  over  Mount  Bity,  a 
long  jagged  ridge  more  tiian  2,000  m^iera  hi^,  formed  chiefiy  of 
whit«  quartzites,  sometimee  rising  vertically,  sometimes  bedded  in 
great  slabs  which  are  crumbled  into  very  fine  sand  or  into  laige 
grains  of  quartz,  traoslucid  ft-"f|  sharp. 

The  Sahatany  is  only  a  small  tranquil  river,  flowing  into  the  tumul- 
tuous Manandona  with  many  crocodiles,  the  only  harmful  animals 
of  Madagascar.  It  irrigates  a  large  valley  in  which  there  is  a  remark- 
able relation  between  the  vegetaUon  and  the  mineralogical  nature 
(^  the  soil.  This  is  essentially  formed  by  parallel  bands  of  quartzitee, 
mica-schists  and  marbles.  A  monotonous  mautJe  of  hi^  grasses 
conceals  the  first  two  rocks,  while  the  limestones,  bright  in  their 
white  nakedness,  support  numerous  aloes  (Aloe  macrodada  Baker) 
whose  trunks,  more  than  a  yard  in  height,  are  surmouoted  by  laiige 
bouquets  of  green  leaves.  These  aloes  with  their  queer  shapes,  sole 
arborescent  v^etable  of  the  vaUey,  reveal  at  a  distance  the  composi- 
tion  of  its  soil  as  easily  as  on  a  geological  map. 

The  precious  stones  are  all  found  in  the  pegmatite  vmns,  inter- 
calated between  strata  of  metamorphosBd  sediments  or  traversing 
intrusions  of  granite.  These  pegmatites  are  very  heterogeneous;  their 
two  essential  elements,  quartz  and  microcline  feldspar,  at  times  of 
a  vivid  green  tint,  and  constituting  the  "stone  of  the  amazone,"  are 
of  great  mze.  Amoi^  theee  rocks,  it  is  interesting  to  distinguish 
two  types,  as  well  from  the  scientific  point  of  view  as  because  of  thdr 
practical  use.  In  one,  the  quartz  often  has  the  beautiful  rose  color 
tjiat  is  sought  after  lex  making  small  ornaments.  The  mica,  when 
it  appears,'  is  that  potash-mica,  in  great  colorless  sheets,  the  use  of 
which  for  portable  stoves  has  made  the  mineral  popular. 

Only  one  gem  exists  by  itself,  the  beryl,'  but  its  crystals  are  at 
times  enormous;'  I  brou^t  back  one  which  measures  nearly  a  meter. 
You  should  not  believe,  however,  that  these  colossal-like  crystals  are 
entirely  transparent;  the  limpid  portions  are  seen  only  here  and  there, 
in  the  midst  of  a  fissured  mass,  cloudy  or  opaque.  The  colors  that 
are  most  sought  after,  those  of  the  aquamarine,  are  the  various 
shades  *  of  blue  and  the  sea  green,  but  one  sees  also  some  colorless 
varieties  and  yellow  or  rose  colors;  the  beautiful  striking  green  color 
which  charactmzea  the  emerald  is  unfortunately  not  found  there. 

lUniKtfliUilsoUiiita  tba  ggn-btaripg  lagmattlM.  Tba  miuoovlu  b  not  workad  tlura,  tbougb  ft 
wrsmd  qmllty  odttolnuul  In  wms  qpulBl  pegmatlMi,  notably  In  Uw  nualf  of  (Molabie;,  to  ttw 
MVtbof  BMab. 

■  I  hivs  racoitl;  loond  a  amall  qoantlty  of  unoolored  topsi  at  AropaiigaM,  ins. 

■Thna  oryitala  ol  btr;]  are  haragonal  prlmu,  -vvy  long  on  the  nitloat  axh;  thay  an  t<*t  otttn  tjpai 
o(  weak  dgiuttr,  of  whUh  T  w^  ipMk  ftuthar  on. 

*Tlia  ilcnH  l&at  annust  Uebly  nteamad  uathoMOI  iky-bhw  absila  (Ampangabd,  ato.)  or  of  a  ^trj 
•pMal  dark  blus,  with  a  black  tint  (Tongamo,  Fafeoa,  eta,). 
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Ill  several  depoeita  situated  outside  the  Sfihantany  '  r^oa  there 
is  also  found  an  abundance  of  monazite,  a  cerium  phoophate  sought 
for  on  account  of  the  small  quanti^  of  thorium  which  it  contains, 
thorium  entering  into  the  composition  of  gas  mantles  used  for  inten- 
sive lighting.  One  can  find  there  also  some  uranium  bearing  titano- 
tantfdoniobates  *  from  which  the  precious  radium  is  extracted. 

It  is  not  rash  to  tbink  the  day  is  not  far  distant  when  tliese  minwals 
will  no  longer  be  mere  scientific  curiosities,  but  will  become  material 
profitably  turned  to  account. 

The  second  group  of  pegmatites  is  characterized  by  a  greater 
variety  of  gems.*  The  most  abundant  is  tourmaline.  This  sub- 
stance furnishes  with  beryl  and  corundum  an  illustration  of  the  fact 
that  the  color  of  minerals  does  not  generally  constitute  one  of  their 
essential  characteristics.  One  can  not  conceive  of  malachite  other 
than  green,  but  vwy  rue  are  the  minerals  which,  like  that,  have  a 
color  which  belongs  to  them  alone.  The  coloration  of  nearly  all  spe- 
cies of  minerals,  and  particularly  some  precious  stones,  is  only  a 
natural  tint,  existing  ordinarily  in  such  a  small  proportion  that  in 
many  coses  one  may  still  dispute  its  nature. 

In  t^  Sahatany  region  the  transparent  tourmalines  are  the  most 
beautiful  gems,  running  all  the  possible  gamut  of  colors.  Rarely 
colorless,  they  are  red  and  of  many  differoit  reds;  pigeon  blood  like 
the  beautiful  ruby,  reds  more  or  less  tinged  with  violet,  fading  away 
to  the  most  delicate  rose;  there  are  some  greens  and  blues,  some 
browns  with  now  and  then  a  smoky  tint,  some  golden  yellows,  and 
one  of  dazzling  gold.  Here  the  colors  are  uniform  in  the  same 
crystal,  there  they  alternate  to  form  harmonious  blendings.* 

By  the  side  of  these  transparent  stones  are  also  found,  as  in  the 
preceding  p^matites,  a  black  tourmaline  of  no  possible  use.* 
Though  from  a  reminiscense  of  the  war  of  conquest  in  whidi  the 
Senegal  sharpshooters  played  a  rdle  that  the  Malagaqrs  have  not 
forgotten,  they  call  these  stones  "senegal." 

>  Tb«  dspoilU  irh««  thb  mlnenl  adili  fn  gtnt  »bimdHiM  Bod  bi  1*iie  oyiUli  Bra  to  tba  Dortli  ot  B«U(o 
(AinpaiiisM,  AmbatoIiiUIkalr,  Me.);  It  li  tlun  kooamptnkd  by  ""r*"g*"'™.  anliiiiiUU,  ■bfliwiM, 
and  ■ome  blanath  mifmr.!.     (a.  lacnlx,  BulL  800.  Iniig.  mlnfa.,  yiiLM,f.ta,  uul  voL  U,  IB13,  p.  n.i 

■  I  hava  dtatlngalahed  two  groapa  imeng  then  mloanUs.  (Comptea  Randiu,  vol.  1U,  ISU,  f.  T9T,  and 
BidL  Ben.  mm,  ntlrfr.,  nd.  31,  IMS,  pp.  3U-111:  voL  >3, 1110,  p.  Xtl;  vuL  K,  IBU,  p.  M.)  TM  But  k 
bmoMria  and  oampriaw  bLumtnudite  Hid  two  naw  ipaoki  that  I  ban  oallcd  betaAU  and  aaatavitta; 
thae  miuanli  ccyitallia  In  peat  rellair  01  greeoiBli  ootahadmu;  tba  Mcond  It  crthorhomblo  and  Induiba 
~  Dis  new  lolntral  that  I  have  DMntd  ampaniiMlta.    Wa  mnat  add  to  It  tb* 


hCTWunon  lo  tiro  typ«»  olpagmatlla,  of whtch  I  haTa  laoantly  aftad  tha  dgtwntcbwactartitlea.    (Co^taa 
il.lSS,ina,p.Mt.) 

[Im  ta  mr  UlDMofla  da  la  Fraiiga  at  da  Bia  ColankB  (vol.  4,  p.  tH)  a  dataOed  atadr,  •iiaom- 
1*  fibotosnflb*,  of  thcaa  blandlnii  of  ti  ' 
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The  beryl  is  common  enough.*  It  is  of  b  pale  rose  or  dark  carmine 
color,  so  unusual  that  it  is  proposed  to  give  to  it  a  special  name,  that 
of  "moi^;anite." 

Spodumene,*  almost  everywhere  else  epaque,  is  found  in  a  limpid 
form,  of  a  beautiful  rose  color  with  a  tmge  of  lilac,  accompanied  by 
an  ereeptionfll  brilliancy,  and  this  variety,  the  "kunzite,"  forma  a 
magnificent  stone,  rivaling  the  one  which  until  then  had  been  found 
only  in  California. 

However,  I  must  mention  a  garnet,*  the  speesartite,  supplying  some 
orsnge>colored  gems  having  a  refraction  as  odd  as  it  is  strong,  besides 
a  minwal  making,  also,  its  first  appearance  as  a  precious  stone,  the 
danburite,*  which,  once  cut,  is  hard  to  distinguish  from  the  yellow 
topaz  of  Brazil. 

Often  inclosed  in  pegmatite  and  without  distinct  cr3rstal  forms,  all 
these  minerais,  with  many  others  besides,*  show  themselves  in  pockets 
of  crystals,  a  description  of  which  would  not  be  out  of  place  in  a  tale 
of  the  "Thousand  and  One  Nights";  tiny  grottos  with  marvelous 
walls  illumined  by  the  sparkling  of  thousands  of  crystals,  and  among 
them  one  does  not  know  what  to  admire  the  moet,  the  delicateness 
and  perfection  of  the  forms,  the  multiplicity  and  brilliimcy  of  the 
faces,  or  the  variety  and  richness  of  the  colors. 

While  they  may  form,  like  the  aquamarine,  some  prisms  of  great 
dimensions,  or  even  the  smallest  crystals,  but  with  faces  of  a  won- 
derful clearness,  like  those  from  the  pockets,  or  again  some  shapeless 
fragments,  all  the  transparent  minerals  taken  from  the  open  quar- 
ries *  are  carried  each  evening  to  the  foreman,  called  the  commander. 


A  kUDwledgt  of  thli  propvty  li  ytrj  Imporlmt  In  urdar  to  OSagaaae  Uicn  pndoiu  sb 
otirhlcb  BU}'  vtiy  bom  3,7S  to  2,00  and  the  bdlcu  in  the  totlovliif  llinlti:  nf=l.Mlg  to  1.0011,  n^^-MTU 
M  I.nss,  to  the  ipeolmou  itudled  up  to  the  pumit  time,  uid  which  ilaea  not  «m>tttute,  ptvh^ie,  tbe 
(olniDH  of  that  svla.  I  sbould  add  hi  addition  to  thli  th»t  the  vo-y  deoM  berylt,  faslead  or  btlog 
ImrUumed  near  the  vartlctd  axis,  as  bi  the  rer;  light  ones,  are  flattened  near  the  base.  I  have  diaousaed 
that  qtHitka  nenOy  hi  the  Bulletin  de  la  SooUtd  Irmciike  de  mhiftakiKle,  vshuna  SI,  HO,  pace  xa, 
and  In  aome  prerloua  artldn. 

I  This  mlutal  beloop  to  tbe  pfroiiue  group,  o[  wbicb  It  shows  tbe  crystals;  11  la  a  sSfcata  of  alumina 
Mid  Uttak. 

■  Thu  irf^wt"*  *■  nrflinlm  r"**  "ir"tT"'—  UT"**.  nrmi-h»h^  ■  iiitiantn»-  ftntattJigteciBtitipiicial 
to  Uadagaiear;  It  can  ba  compared,  but  It  Is  not  Identical  with  tbe  speesartite  ol  Kortb  Carolbia.    In  tlw 

.yi«>»arfti»lii.-flpiym«t»an^ni.f«nn«:t.a)Milnmn1,  hnHtfaIh».]mMMlliM,niil  mil  aplu\at 

iThbmhuiallsailllco-baTBleDllIma;  I anoouiiMd  Iti exMana la  II*dl«a«Mr (BnU, Soc.  ftasf.  mlirfr., 
Tol.  SI,  1908,  p.  S14),  Erom  some  ctystols  boai  tbe  TaUBy  ol  tbe  Sabatany. 

■  We  sliould  alio  mmtlon  among  the  minarali  tound  bi  p<emiitila  q>Btite,  rbodlilte,  and  blonutiea- 
dlt«:  as  to  OTStalliad  mburab  irom  poekate,  thay  are  qiiarti,  mkrocllne,  alblle,  touimallue,  bttyl,  and 
l^ldollte,  to  which  wa  stiould  add  two  new  mlnsal  spaclas  that  I  have  called  "  bit;It«"  (Comptea  Rtodoi, 
ToL  !«,  IMS,  p.  I3ST>  and  tba  "manandonlte"  (BuO.  Boc.  franc,  mfa*.,  vd.  3i,  mi). 

■  In  a  law  di^oaiu  the  pegtuatUa  fa  iDund  Intact  and  Ts-y  hard.  Uora  ofUm  it  b  ahtaic  kaoUnliad  or 
laledtlud,  and  ki  tbcM  two  oasaa  tt  baa  become  soft  moufb  to  l>e  guairled  with  ttu  pickax  or  ibovel;  the 
ftmt  can  thai  be  euUy  ailncted.  In  many  of  tha  badi  thay  wcrk  m  A 
In  (dacaorUIan  tottalmmadlBta  vidulty. 
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foUowing  the  ancieDt  customs  of  our  old  colonies.  The  foremAn, 
with  ft  little  hammer  or  pincers,  without  regard  for  geometrical 
beauty,  for  which  mineralogists  have  a  sort  of  worship,  applies  him- 
self to  breaking  out  the  stone,'  an  operation  which  consists  in  reduc- 
ing the  mass  to  smaU  pieces,  in  order  to  detach  the  limpid  portions 
and  to  eeparate  them  not  only  from  the  rest  of  the  veinstone,  but 
from  all  that  which,  in  the  material,  is  not  usable,  and  it  is  mider  this 
rough  form  of  angular  dSbris  that  the  gems  are  exported  to  Europe 
for  the  final  cutting. 

The  aJluvial  deposits  are  very  different  from  deposits  "en  place" 
and  less  attractive.  Minerals  are  no  longer  found  in  any  sort  of 
collective  relation  in  their  mother  rock.  Under  the  influence  of  the 
phenomena  of  alteration  during  centuries,  they  have  been  detached 
from  their  gangue  little  by  little,  drawn  away  from  the  place  of  tiieir 
origin  by  the  superficial  trickling  down,  and  hurried  along  much  more 
quickly  as  they  are  less  dense  until  they  have  been  carried  a  long 
distance  by  torrents  and  mixed  with  other  species  of  diSerent  nature 
and  origin. 

Under  the  tumultuous  waters  which  consume  the  moat  resistant 
mountains,  pursuing  without  truce  a  sort  of  eternal  strug^  for  life, 
the  weak  minerals,  the  soft  and  fragile  ones,  are  worn  away,  crushed  by 
the  strong,  I  should  say  by  the  hard  minerals,  and  are  eUminated  in 
the  form  of  fine  clay;  the  strong  resist  much  longer,  but  whatever  they 
are,  their  crystals  sooner  or  later  lose  the  brilliancy  of  thedr  faces,  the 
keeimess  of  their  edges,  and  before  disappearing  in  their  turn  they 
are  reduced  to  the  condition  of  round  pebbles.  Among  them,  of 
equal  hardness,  those  are  preserved  the  longest  that, are  devoid  of 
physical  blemishes.  This  is  a  gigantic  mechanical  preparation,  a 
formidable  cutting,  effected  by  natural  action.  It  is  a  selection 
through  force  and  beauty. 

Further,  the  gems  that  subsist  in  beds,  where  they  are  often  asso- 
ciated with  heavy  and  precious  minerals,  such  as  gold,  pertain  to  a 
number  of  more  limited  species ;  though  as  a  rule  they  are  less  abun- 
dant, yet  the  proportion  of  beautiful  stones  in  such  cases  is  generally 
great.  At  Madagascar  these  stonea  are  chiefly  corundums,  garnets,' 
occasionally  some  chrysoberyl,  some  spinel,  and  topaz. 

One  of  the  most  typical  of  the  alluvial  deposits  among  those  I 
visited  is  found  to  the  southwest  of  Ambositfa,  in  the  bed  of  the 
small  rivef  If^piaa.  Its  boundary  is  not  at  all  a  wilderness  of 
weeds  like  the  Sahatany,  but  a  forest  in  all  its  splendor,  impenetrable 

■  In  certain  VDrki  th«  cutOnf  1*  not  done  In  (he  camp  (tob;),  but  at  the  praapector'i  headquutera  ( Ant 
tlnbAlof  example  J. 

■  The  monl  frequent  ia  alnuodlne,  which  showi  a  wide  nnge  ol  color  from  dark  red  to  a  pretty  rase.    Uauy 
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outside  the  beaten  tracks,  a  forest  whose  glades  set  in  great  trees  are 
peopled  with  jnany-colored  birds  and  agile  lemurs. 

The  few  habitations  along  the  path  that  led  me  there  were  no 
longer  the  small  white  molded  clay  houses  of  Imerina,  but  light 
wooden  huts  built  on  piles.  The  landscape  is  no  more  enlivened  by 
the  white  "lambas"  of  the  Hova;  the  natives  that  roam  in  the  woods 
are  half  nude;  they  are  the  Tanalas  with  hairy  faces. 

The  washing  of  the  alluvia  with  the  aid  of  primitive  sluices  and  the 
"bat£e,"  still  more  primitive,  yields,  with  some  gold,  many  crystals 
of  corundum  ■  much  rolled.  Most  of  them  are  opaque  but  some  are 
transparent.  By  an  irony  of  nature,  that  does  not  fail  to  rise  again, 
and  not  without  bitterness,  the  prospector,  who  kindly  allowed  us 
to  visit  his  works — it  is  the  uncolored  corundum  which  forms  the  lai^est 
crystals — could  weigh  them  up  to  500  grams. 

Their  limpidity  is  so  perfect  that  they  m^ht  well  be  classed  as 
magnificent  precious  stones,  but  of  a  difficult  setting;  nevertheless 
the  least  among  them  would  bring  a  fortune  if  it  had  the  color  of  the 
smallest  mbiee  and  sapphires  which  accompanies  them. 

In  order  to  find  the  deposits  rich  in  rubies,  and  especially  in  sap- 
phires, you  must  climb  toward  the  north  on  the  volcanic  massif  of 
Ankaratra,  where  are  worked  some  basaltic  alluvia  containing  debris 
of  granitic  subtraction,  the  original  source  of  the  crystals  of  corun- 
dums  and  zircons  which  accompany  them.* 

Such  are  the  precious  stones  of  Madagascar,  numerous,  varied,  and 
beautiful.  Beryls,  tourmalines,  kunzite,  spessartite,  and  uncolored 
corundum,  in  particular,  could  cope  through  their  limpidity,  their 
color,  and  their  brilliancy  with  similar  gems  of  the  best  known 
deposits  of  Brazil,  of  Ceylon,  of  California.  Some  of  them,  the  rose 
beryls  and  the  yellow  tourmalines,  for  example,  are  unrivaled  through- 
out the  world.  They  need  only  to  be  known.  As  the  new  comes  to 
everything,  so  these  must  conquer  their  right  to  live.  I  have  the 
pleasure  of  presenting  these  to  you  in  recognition  of  the  pleasures  that 
their  study  and  their  pursuit  has  afforded  me  in  traversing  the  vast 
solitary  places  of  the  high  plateaus  illuminated  by  the  clear  sky  of 
the  southern  winter,  in  traversing  the  somber  vaults  and  dense 
forest. 

■  Tbv  oorundnm  crjaaii  at  thb  deposit  ■»  at  times  tnniloniied  Into  abaolaM;  round  pebbln,  and 
nioreover,  tram  tbealtuMtonotltemplnaaad  the  pcnitlan  of  the  point  iltiiatad  up  the  itnun  vben  they 
cxMnmencetoBnd  tbam,  ther«>n  roltonaeourMoBlyalBirkllamBtcn.  It  fa  tnw  that  the  valla;  la  voy 
wlndinc.  hoUmrad  betweeQcllOi  ol  gnaHa  and  gmla;  thej-  oould  be  uaed  on  the  apot  as  soma  son  alsaul- 
dioDS  Hu  (linu. 

•  Bf  thetrpiopactleiuidUieb'kludotdepgdtbn  thMeitaiManldantiDalwmitbOMalVebr  (E9*l7 
near  I^  Pujand  La  Coupst). 
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The  knowledge  of  gems  constitutes  only  a  small  part  of  nuner- 
alog^cal  questions  which  are  presented  in  Madagascar.  Its  extinct 
volcanoes,  its  rocks  and  their  minerals,  ita  ores,  their  oomposition, 
their  mutual  relations,  their  genesis,  their  modee  of  alteration  deserve 
in  the  highest  degree  the  attention  of  men  of'  science. 

Fifteen  years  of  work  on  these  materials  of  all  kinds  accumulated 
in  my  laboratory  of  the  museum  through  the  devotion  and  intelligent 
curiosity  of  explorers,  officers,  administrators,  of  colonists,  prospec- 
tors, had  very  often  made  me  dream  of  the  Great  Isle. 

This  dream  has  become  a  reality.  This  has  not  in  the  least  dis- 
appointed the  hopes  that  had  been  bom  in  my  mind. 
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THE  FLUCTUATING  CLIMATE  OF  NORTH  AMERICA.* 


By  EtXSWORTH  HUNnNGTON. 

[Willi  10  plates.] 


PART  I.  THE  RUINS  OF  THE  HOHOKAH. 

During  his  connection  with  the  Pumpelly  expedition  sent  out  by 
^e  Carnegie  Institution  in  1903-4  to  Tracscaspia  and  adjacent 
regions  the  present  author  came  to  the  conclusion  that  in  the  dry 
regions  of  central  Asia  the  climate  of  the  past  was  distinctly  moister 
than  that  of  the  present.  During  the  next  two  years  an  expeditioa 
by  way  of  India  to  Chinese  Turkestan,  in  company  with  Mr.  R.  L. 
Barrett,  led  him  to  extend  this  conclusion  over  a  wider  area  and  to 
believe  that  the  change  of  climate  has  not  progressed  regularly,  but 
t^  pulsations.  Still  another  expedition  to  Palestine,  Asia  Minor, 
and  Greece  in  1909  on  behalf  of  Yale  University  seemed  to  confirm 
the  pulsatory  theory,  and  to  show  that  the  general  course  of  history 
for  at  least  3,000  years  has  been  in  harmony  with  the  supposed 
climatic  pulsations.  Moreover,  the  observations  of  others,  even  of 
men  such  as  Beadnell,  who  do  not  believe  that  the  climate  of  the 
earth  has  changed  in  recent  times,  seem  to  indicate  that  north 
Africa,  on  the  one  hand,  and  central  Europe  on  the  other,  as  well 
as  southern  Eiurope  and  large  parts  of  Asia,  have  also  been  subject  to 
climatic  changes.  Thus  there  seems  good  ground  for  the  conclusion 
that  during  historic  times  essentially  synchronous  climatic  pulsa- 
tions have  taken  place  in  all  of  the  vast  r^on  of  the  Temperate  Zone 
from  China  on  the  east,  across  Asia  and  Europe,  to  the  Atlantic  on 
the  west.  Obviously,  if  such  pronounced  and  widespread  changes 
have  occurred  in  the  Eastern  Hemisphere,  there  Is  a  possibility  that 
changes  of  a  similar  nature  may  have  taken  place  in  America. 
Accordingly  when  Dr.  D,  T,  MacDougal,  director  of  the  Department 
of  Botanical  Research  of  the  Carnegie  Institution  of  Washington, 
invited  the  author  to  cooperate  with  the  Desert  Laboratory  at 
Tucson,  Ariz.,  in  a  climatic  study  of  the  arid  southwestern  portion 
of  North  America,  the  opportunity  seemed  too  good  to  be  neglected. 
Three  seasons,  con^sting  of   three  months  in  the  spring  of  1910, 
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four  months  in  1911,  and  four  in  1912,  have  now  been  spent  in  the 
field.  The  time  was  divided  between  the  States  of  New  Mexico, 
Arizona,  and  California  in  the  United  States,  and  Sonora,  Mexico 
City,  Oaxaca,  and  Yucatan  in  Mexico.  Most  of  ihe  methods  of 
investigation  were  similar  to  those  which  the  writer  has  employed 
in  Asia,  and  led  to  a  similar  result.  To  these,  however,  were  added 
some  significant  observations  upon  ihe  relation  of  tropical  jungle 
and  tropical  forest  to  civilization  in  Yucatan,  and  a  series  of  hig^y 
conclusive  measurements  of  trees.  Both  of  these  new  and  inde- 
pendent lines  of  observation  confirm  previous  conclusions,  but  in  the 
present  article  the  facts  as  to  Yucatan  must  be  omitted  for  lack  of 
space. 

Omitting  all  consideration  of  Uie  effect  of  climatic  changes  upon 
the  form  of  the  earth's  surface,  the  composition  of  soil,  the  distribu- 
tion of  animals,  and  various  other  lines  of  thought,  let  us  turn  at 
once  to  the  vestiges  of  pre-Columbian  man  found  in  the  southwestern 
part  of  America.  Some,  such  as  the  cliff  dwellings  and  the  great 
irrigation  works  and  villages  of  the  Gila  Valley  in  southern  Arizona, 
are  famous.  A  far  lai^er  number,  however,  have  received  almost  no 
attention  even  from  archeologists.  The  reason  is  obvious.  In  most 
cases  the  ruins  are  so  insignificant  that  an  unobservant  traveler  might 
ride  miles  through  what  was  once  a  region  thickly  studded  with  vil- 
lages without  being  aware  of  the  fact.  Walls  for  defensive  purposes 
upon  the  mountains  or  pictographs  upon  the  face  of  the  rocks  are  apt 
to  attract  attention,  but  few  people  notice  the  far  more  important 
sites  of  villages  scattered  in  profusion  over  thousands  of  square  miles, 
especially  in  southern  Arizona,  New  Mexico,  and  the  neighboring 
parts  of  Sonora.  The  sites  are  now  reduced  to  barren  expanses 
strewn  with  ornamented  bits  of  pottery,  flint  knives  and  arrow  heads, 
stone  hammers  and  axes,  mani  and  metate  stones  for  grinding  seeds, 
and  in  some  cases  rectangular  lines  of  bowlders  placed  erect  at  inter- 
vals of  a  foot  or  two  and  evidently  outlining  the  walls  of  ancient 
houses.  Here  and  there  a  little  mound  a  foot  or  two  high  shows 
where  an  ancient  dwelling  was  located.  In  almost  every  village  an 
oval  hollow  surrounded  by  a  low  wall  covers  an  area  100  or  200  feet 
long  by  half  as  wide — not  a  reservoir,  as  one  at  first  supposes,  but 
probably  a  ceremonial  chamber  of  some  sort.  Aside  from  these 
scanty  traces  nothing  remains.  Yet  there  can  be  no  question  that 
these  were  once  ancient  villages.  Frequently  the  ground  is  full  of 
bits  of  pottery  to  a  depth  of  2  feet  or  more,  while  the  surface  is  so 
strewn  with  similar  bits  that  one  can  not  walk  without  treading  on 
them.  The  houses  were  probably  built  for  the  most  part  of  branches 
wattled  with  mud.  Such  houses  disappear  quickly  when  abandoned, 
for  the  wood  decays  and  the  clay  used  for  wattling  blows  away  or  else 
is  spread  over  the  ground  in  such  a  way  as  not  to  be  noticeable.    The 
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more  well-to-do  members  of  the  commumty  apparently  had  mcH« 
pretentious  houses,  the  remains  of  which  are  probably  to  be  found  in 
the  lai^r  heaps  of  clay  and  rubble  which  occur  in  most  Tillages. 
0o3e  to  the  mountains,  or  in  regions  where  stone  was  available,  other 
methods  of  construction  prevailed.  There  we  find  every  type  of 
arclutecture,  from  houses  which  used  stone  only  in  a  single  course  in 
the  bottom  of  the  walls,  to  structures  made  entirely  of  roughly 
squared  stone  blocks.  Some  of  these  stone  structures  were  cliff 
dwellings  of  three  stones  in  front  of  c&ves,  while  others  were  isolated 
buildings  standing  in  the  middle  of  a  plain  and  still  rising  three  or 
four  stories  even  after  the  lapse  of  one  or  two  thousuid  years. 

The  majority  of  the  villages  must  have  been  inhabited  for  a  long 
time.  Even  where  the  houses  have  entirely  disappeared,  the  amount 
of  broken  pottery  covering  the  ground  indicates  that  a  busy  popula- 
tion lived  here  for  centuries.  The  modem  Fapago  Indians  still  use 
pottery  to  almost  the  same  extent  aa  before  the  coming  of  the 
white  man,  yet  the  amount  of  broken  pott^y  in  their  chief  villages, 
which  have  been  inhabited  at  least  50  years,  is  insigmficant,  while 
that  in  the  ruins  is  as  great  as  in  many  Asiatic  ruins  which  are  well 
known  to  have  been  occupied  hundreds  of  years.  I  emphasize  this 
point  because  American  archeologists  and  ethnologists  have  labored 
under  a  peculiar  impression  which  amounts  almost  to  an  hallucination. 
Being  convinced  that  no  change  of  climate  has  occurred,  they  have 
been  forced  to  the  peculiar  theory  that  the  ancient  people  of  America, 
the  "Hohokam"  or  "Perished  ones,"  as  the  modem  Pimas  call 
them,  were  of  a  different  nature  &om  the  rest  of  mankind.  It  has 
been  supposed  that  these  ancient  Hohokam  wm^  extraordinarily 
mobile  and  extraordinarily  industrious.  For  instance,  in  the  Thir^ 
teenth  Annual  Report  d  the  Bureau  of  Ethnology  (p.  259),  Minde- 
leff,  one  of  the  best  authorities,  says  liiat  "a  band  of  500 
viUage-building  Indians  mi^ht  leave  the  ruins  of  50  villages  in  the 
course  of  a  single  century."  He  asstunea  a  d^ree  of  mobility  unpar- 
alleled among  any  modem  agricultural  people,  or  among  any  of  whom 
we  have  historic  records.  Hw  assimiption  also  carries  with  it  the 
corollary  that  the  Hohokam  must  have  spent  most  of  their  time  in 
building  houses,  or  in  making  potteiy  with  which  to  strew  the  ground 
and  give  an  appearance  of  age  to  their  villages.  Hunting  tribes  are, 
of  course,  mobile  in  the  highest  degree,  but  the  people  with  whom  we 
are  dealing  were  strictly  agricultural,  as  Is  universally  agreed.  The 
ruins  of  their  villages  are  invariably  located  close  to  agricultural  land, 
or  at  least  to  land  which  would  be  available  for  agriculture  if  there 
were  water  enough;  their  number,  even  accordmg  to  t^oee  who  hdd 
the  migratory  theory,  was  too  great  to  allow  of  their  obtaining  a  living 
by  hunting;  they  had  no  domestic  animals  on  which  to  rely;  and 
finally,  traces  of  com  and  beans,  the  two  staple  products,  are  found  in 
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almoBt  every  ruin.  Accordingly,  in  the  toWov'mg  diBcUBsion  we  stuiU 
follow  the  axcheologists  in  assuming  that  the  andent  Hohokara 
were  an  agricultural  people.  We  sfa^  depart  from  them,  howeTer, 
in  assuming  that,  in  the  absence  of  any  evidence  to  the  contraiy,  the 
Hohokam  were  like  the  rest  of  mankind,  and  their  ruins  are  to  be 
intwp^-eted  by  the  same  criteria  as  those  univerBally  employed  in  the 
study  of  the  archeology  of  other  parts  of  the  worid. 

With  these  assumptions  in  mind,  we  are  prepared  to  investigate 
the  relation  of  the  andent  population  to  rainfall.  Let  us  first  con- 
centrate our  attention  upon  a  single  r^on,  the  Santa  Cruz  Volley 
of  southern  Arizona.  I  select  this  valley,  not  because  it  is  particu- 
Ifu-ly  remarkable,  but  because  it  happens  to  contain  Tucson,  the  site 
of  title  Desert  Laboratory.  This  town  is  the  largest  in  the  two 
States  of  New  Mexioo  and  Arizona,  although  it  has  only  16,000 
people,  including  all  its  suburbs. 

The  reason  for  the  scantiness  of  population  is  found  in  the  climate. 
The  average  runf  all  at  Tucson  amounte  to  about  12  inches.  This  is 
distributed  between  two  rainy  seasons;  one  of  them  comes  in  the 
winter  from  November  to  March,  and  has  an  average  of  about  5 
inches  of  rain,  while  the  other,  with  7  inches  of  rain,  begins  at  the 
end  of  June  and  laste  until  early  in  September.  The  monUis  of 
April,  May,  and  June,  or  the  foresummer,  as  MacDougal  has  called 
them,  are  practically  rainless  and  very  hot,  and  the  same  is  true  of 
the  interval  from  the  end  of  the  summer  riuns  to  the  beginning  of 
those  of  winter.  Nothing  can  be  raised  without  irrigation  of  some 
sort.  Since  the  coming  of  the  white  man,  winter  crops,  such  as 
bariey,  alfalfa,  and  the  like,  have  become  important.  "Hie  Indiana, 
however,  cultivated  practically  nothing  except  com  and  beans, 
which  they  irrigated  by  means  of  the  summer  floods. 

The  Santa  Cruz  V^ley  has  a  length  of  at  least  200  miles,  but  most 
of  it  is  well-nigh  a  desert,  and  can  be  utilized  only  for  cattle  raising. 
According  to  Prof.  R.  H.  Forbes,  director  of  the  Arizona  Experiment 
Station,  the  entire  drainage  area  of  the  Santa  Cruz  River  contains 
only  about  6,000  acres  of  land  under  cultivation.  Pu^  of  the  6,000 
acres  ia  under  full  irrigation  and  produces  four  or  five  crops  of  aUalfs 
per  year,  while  a  considerable  portion  ia  only  under  flood  irrigation 
and  produces  but  one  crop  each  year,  when  the  heavy  rains  of  July 
and  August  redeem  the  desert  for  a  brief  space.  Under  the  best 
system  of  irrigation  available  in  modem  times,  Prof.  Forbes  estimates 
that  for  every  2  acres  brou^t  under  full  cultivation  one  person  is 
added  to  the  population  of  Arizona.  In  other  words,  if  the  Santa 
Cruz  Valley  were  cut  off  from  all  the  rest  of  the  world  and  left  to  ita 
own  resources  without  railways,  mines,  health-eeekers,  or  othw 
itraneouB  sources  of  wealth,  ^e  {wpulation  would  be  linuted  to 

'  3,000  who  could  be  supported  on  the  6,000  acres  of  irrigated  or 
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■partiy  irrigated  land.  To  this  number  nothing  oould  be  added  by 
diy  farming  without  irrigation;  for  Frof.  Forbes  expressly  states  that 
at  the  present  time,  in  ^ite  of  various  attempts,  no  such  tbing  as 
genuine  dry  farming  existe  in  the  State  of  Arizona.  Promising 
experiments  give  hope  of  some  buocobs  in  the  future,  but  they  involre 
repeated  and  expensive  plowing  of  the  soil  after  each  short  period 
of  rain,  and  this  must  be  kept  up  for  two  years  before  any  crop  can 
be  harvested.  It  may  safely  be  assumed  that  the  ancient  Hohokam, 
with  no  iron  took,  no  beasts  of  burden,  and  no  great  knowledge  of 
science,  oould  scarcely  cultivate  as  much  land  as  the  modem  Ameri- 
can. Moreover,  as  they  had  no  winter  crops,  they  could  soaroely 
have  raised  as  much  food  per  acre  as  is  now  possible,  even  had  they 
not  been  otherwise  handicapped.  For  the  sake  of  argument,  how- 
ever, let  us  suppose  that  with  the  aid  of  game,  wild  fruits,  and  seeds 
in  bad  years,  and  with  their  lower  standuxls  of  living,  the  Hohokam, 
if  they  were  here  to-day  under  the  present  conditions  of  climate, 
mi^t  support  themselves  to  a  maximum  number  of  four  or  five 
thousand. 

Granting  that  four  or  five  thousand  Hohokam  might  possibly  find  a 
living  in  the  Santa  Cruz  Valley  under  present  climatic  coiuiitions, 
let  us  see  whwe  they  would  be  located.  Inaamuoh  as  the  ancient 
people  were  agricultural,  thqr  must  have  lived  where  both  land  and 
water  were  available.  At  present  about  1,500  of  the  6,000  arable 
acres  are  at  the  Indian  reservation  and  old  Spani^  mission  of  San 
Xavier,  9  miles  up  the  Santa  Cruz  to  the  south  of  Tucson.  Six  or 
seven  hundred  Indians  now  live  there,  cultivating  the  land,  raising 
cattle,  and  going  out  to  the  neighboring  city  to  work.  In  the  days 
of  the  Hohokam  a  somewhat  dense  population  lived  at  Son  Xavier, 
as  is  proved  by  various  ruins,  including  a  fort'on  a  hilltop.  Around 
Tucson  itself  the  modem  houses  and  streets  moke  it  impossible  to 
determine  exactly  how  large  on  area  was  occupied  by  the  Hohokam. 
In  aU  the  outskirts  of  the  town,  however,  pottery  and  other  evidraces 
of  early  man  are  abundant,  and  there  is  a  fort  on  Tumamoc  Hill, 
where  the  Desert  Laboratory  is  now  located.  Evidently  many 
Hohokam  lived  near  Tucson  and  cultivated  the  2,000  acres  wludi 
con  there  be  irrigated.  A  third  large  area  of  modem  cultivation  is 
found  along  the  Rillito,  a  streun  from  the  southeast  which  joins  the 
northward  flowing  Santa  Ciuz,  8  miles  north  of  Tucson.  Here 
nearly  2,000  acres  are  now  in  use.  In  the  post  the  Hohokam  evi- 
dently made  use  of  the  same  land,  for  traces  of  villages  are  found 
near  Agua  CoHente,  Tanks  Verde,  Fort  Lowell,  and  elsewhere.  Tbfi 
three  areas  of  San  Xavier,  Tucson,  and  the  Rillito  Valley  include 
about  5,500  out  of  the  6,000  acres  available  for  cultivation,  while 
the  remaining  500  are  scattered  here  and  there  in  inugnificant 
pfttchw. 
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I  bave  described  the  present  dietribution  of  population  in  the  Santa 
Cruz  Valley  and  its  reUtion  to  mine  In  order  to  bring  out  tiie  fact  that 
tbe  prehistoric  inhabitants  utilized  every  site  which  th^  modem  suc- 
cessors can  utilize.  Tbey  did  more  than  this,  however,  for  in  the  now 
almost  uninhatnted  and  waterless  50  miles  below  the  main  irrigated 
areas  of  Tucson  they  occupied  at  least  seven  distinct  villages,  and 
others  will  probably  be  discovered.  The  first  village,  at  Jaynea 
station  on  the  Southern  Pacific  Railroad,  7  miles  below  Tucson,  must 
have  been  a  genuine  town.  Broken  bits  of  pottery,  old  grinding 
stones,  pestles,  stone  hammers,  fiint  arrowheads,  and  the  low  mounds 
of  old  houses  extend  for  over  a.  mile  along  a  slight  ridge  of  gravel 
between  two  areas  of  low-lying  fertile  land  easy  to  irrigate  and  cul- 
tivate if  the  river  contained  water.  Now,  however,  the  river  does 
not  flow  so  far  except  in  floods.  It  might  possibly  reach  this  point 
permanently  if  do  water  w«re  taken  out  upstream,  but  this  is  not 
certain,  and  we  have  already  seen  that  in  former  times  there  were 
numerous  villages  farther  upstream  which  must  have  used  up  a  large 
amount  of  water.  The  abuadaiit  traces  of  humaa  occupation  in  the 
Jaynes  village  appear  to  indicate  that  the  houses  were  close  together, 
and  were  occupied  hundreds  of  years.  This  one  village  can  scarcely 
have  had  less  than  one  or  two  thousand  inhabitants.  Adjoining  it 
on  the  east  we  traced  what  seemed  to  be  the  line  of  a  caDsI  for  more 
than  a  mile  on  the  gravelly  ground  between  the  bottom  lands  of  the 
Suita  Cruz  and  the  Rillito.  Here  we  found  not  only  numerous  rem- 
nants of  houses,  but  several  of  the  hollows  described  above  which 
seem  to  be  ceremonial  chambers,  and  which  by  their  size  and  number 
point  to  a  somewhat  lai^e  population. 

Two  miles  downstream  from  the  Jaynes  ruins,  at  the  Nine-mile 
Water  Hole,  where  the  lest  permanent  sprii^  is  now  found  in  the  dry 
river  bed,  another  village  was  located,  not  so  lai^ge  as  its  neo^bor, 
but  nearly  half  a  mile  long.  On  the  opposite  or  north  side  of  the 
Rillito  we  found  traces  not  exactly  of  a  viDage,  but  of  a  series  of 
houses  scattered  along  the  edge  of  the  arable  land  at  intervals  of  a  few 
hundred  feet.  If  all  these  ruined  sites  were  occupied  at  one  time, 
which  was  probably  the  case,  as  we  shall  see  later,  the  population  of 
this  one  small  r^on  from  7  to  10  miles  below  Tucson  can  scarcely 
have  been  leas  than  two  or  three  thousand.  That  the  inhabitants 
cultivated  the  low  land  on  all  sides  of  them  can  hardly  be  doubted; 
for  the  houses  are  located  just  on  the  edges  of  the  good  land,  but 
without  encroaching  upon  it  except  where  the  arable  tracte  are  bo 
extensive  that  an  elevated,  gravelly  site  can  not  be  found  within  a 
reasonable  distance.  The  Triages  in  the  situations  thus  far  men- 
tioned m^t  at  present  succeed  in  getting  drinking  water  without 
much  difficulty.  They  could  scarcely  get  a  living  from  agriculture, 
however — and  certainly  not  from  any  other  source — unlceia  tlie  upper 


CUUATI!   OF  NORTH   AMERICA — HUNTINGTON.  389 

Tillagee  were  unoccupied  end  all  the  water  normally  used  by  them  were 
brought  many  miles  downstream  in  canab.  This  is  scarcely  possible, 
for  the  umversal  tendency  in  all  irrigated  r^ons  is  to  use  the  water 
as  far  upstream  as  can  be  done  profitably  under  the  existing  state  of 
skill  in  the  science  of  irrigation.  In  the  good  years,  to  be  sure,  the 
people  of  these  yiUagee  tnight  raise  crops,  but  in  the  dry  years  they 
would  starve. 

Farther  down  the  Santa  Cruz  River,  by  which  I  mean  the  dry  bed 
wherein  a  little  water  occasionally  flows,  a  small  ruin  lies  at  the 
mouth  of  the  Canada  del  Oro,  or  Little  Canyon  of  Gold.  A  little 
farther  downstream,  at  the  so-caUed  Point  of  the  Mountains,  17  miles 
northweat  of  Tuceon,  there  is  another  large  ruin  known  as  Charco 
Yuma.  In  the  spring  of  lO  10  we  found  that  the  nearest  source  whence 
people  like  the  Hohokam,  who  could  not  dig  deep  wells,  could  hare 
obtained  water  was  8  miles  upstream  at  the  Nine-mile  Water  Hole. 
There  the  amount  was  sufficient  for  drinkiDg  purposes,  but  not  for 
irrigation.  Ranchers  engaged  in  raising  cattle  informed  us  that  no 
water  whatever  had  come  down  the  river  daring  the  preceding  winter, 
although  during  the  summer  of  1909,  when  the  rakifall  for  the  hot 
season  was  close  to  the  average  amount  of  7  inches,  floods  came  down 
after  15  or  20  ahowers.  In  some  cases  the  flow  of  water  lasted  only 
two  hours;  in  the  height  of  the  rainy  season,  however,  that  is  at  the 
end  of  July  and  banning  of  August,  a  brook  of  more  or  less  size 
Howed  steadily  for  two  weeks.  The  average  duration  of  the  floods 
was  said  to  be  about  36  hours.  From  this  we  infer  that  during  a 
summer  of  average  rainfall,  surface  water  flows  as  far  as  the  old  village 
of  Charco  Yuma  for  25  or  30  days  during  July  and  August.  This 
condusion  is  confirmed  by  the  statements  of  Socoro  Ruelas,  a  Mexican 
cattle  rancher,  who  in  boyhood  and  early  manhood  lived  at  the  old ' 
stage  station  located  in  the  midst  of  the  ruins.  In  winter,  according 
to  his  statement,  water  rarely  reaches  the  place,  and  even  the  heavy 
showers  of  summer  sometimes  fail  to  send  it  so  far.  When  he  was  a 
boy  in  the  late  seventies  or  early  eighties  the  spring  at  the  Nine-mile 
Water  Hole  increased  so  much  as  to  send  out  a  stream  that  was  used 
for  irrigation  for  a  year  or  two.  But  at  other  times  it  completely 
dried  up,  so  that  there  was  no  surface  water  within  about  12  miles  of 
Charco  Yuma.  From  the  spring  of  1885  to  August,  1887,  according 
to  the  dates  given  by  the  Mexican,  no  water  whatever,  either  in  sum- 
mer or  winter,  came  down  as  far  as  the  ruins,  and  peo^e  like  the 
Hohokam  who  depend  upon  summer  floods  would  have  had  no  crop 
in  1885  and  1886,  and  only  a  poor  one  when  the  late  raina  of  1887 
arrived. 

In  spite  of  what  has  just  been  said,  there  is  a  little  cultivation  on  the 
opposite  side  of  the  Santa  Cruz  YiOtsj,  a  mile  north  of  the  ruins  of 
85860"— 8M 1012 ^29 
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Charco  Yuma.  Here,  near  the  TiUageleeB  station  of  Rillito  on  the 
Southern  Pacific  Railroad,  a  narrow  strip  of  laud  containing  some 
300  acres  and  extending  along  the  railroad  for  about  3  miles  is  culti- 
vated by  the  stationmaster  and  a  neighboring  cattle  rancher.  "Talk 
about  dry  farming,"  said  the  stationmaster,  "it's  the  easiest  sort  of 
thing.  Five  inches  of  rain  a  year  is  all  we  need  here,  and  we  get  on 
an  average  twelve.  Just  look  at  my  fields.  They're  not  bo  good  aa 
usual,  but  they  show  what  can  be  done  in  a  bad  year  Uke  this.  It's 
all  in  the  way  you  plow  and  harrow  and  roll."  A  little  in vestigaUon, 
however,  sufficed  to  show  that  the  300  acres  are  supplied  with  very 
effective  irrigation,  not  artificial  but  natural.  At  this  point  moun- 
tainous spurs  cause  the  broad  waste-filled  basin  of  the  Santa  Cruz  to 
contract  to  a  width  of  only  a  little  over  a  mile.  The  rock  floor  of  the 
basin  lies  near  the  surface  and  acts  as  a  concealed  dam  to  raise  the 
level  of  the  ground  water.  Also,  the  floods,  when  they  come  so  far, 
spread  out  hero  and  accumulate  in  pools.  Neverthelefis  the  crop  was 
poor  when  I  sawit  because  the  rainfall  of  the  winter  of  1909-10  was 
leas  than  the  average,  and  was  badly  distributed,  most  of  it  falling 
early  in  the  winter.  The  grain  planted  in  September  and  October 
and  even  in  early  November  grew  fairly  well,  while  that  planted  later 
failed  to  head.  Even  in  the  best  part  of  the  300  acres,  however,  that 
is  in  the  mo^t  moist  depressions,  the  hay  crop,  for  which  the  barley  is 
planted,  was  expected  to  amount  to  only  about  15  tons  as  compared 
with  95  in  the  preceding  year. 

At  least  a  quarter  and  probably  a  third  of  the  winters  during  the 
last  40  years,  since  records  of  precipitation  began  to  be  kept  in  the 
r^on,  have  been  even  more  unpropitious  than  1909-10.  If  the 
poor  rainfall  of  that  year  could  cause  the  diminution  of  the  crops  to 
the  extent  of  five-sixths,  it  requires  no  demonstration  to  show  that 
the  fields  must  have  been  almost  useless  in  the  nine  years  since  1S67 
when  the  winter  rainfall  has  been  less  than  at  that  time.  Outside  of 
the  300  acres  now  in  use  many  attempts  at  cultivation  have  been 
made  near  Charco  Yuma,  but  without  success.  In  years  like  1904-5, 
to  be  sure,  with  nearly  15  inches  of  winter  rain  between  October  and 
April  and  6  in  the  summer,  from  July  to  September,  or  like  1906-7 
with  nearly  S  in  winter  and  11  in  summer,  fine  crops  can  be  raised  in 
many  places,  but  this  is  the  exception,  not  the  rule. 

To  sum  up  the  conditions  at  Charco  Yuma,  it  appears  that  no  per- 
manent supply  of  water  is  available  without  the  digging  of  wells  at 
least  25  feet  deep,  a  task  highly  difficult  for  a  primitive  people  without 
iron  tools.  The  nearest  permanent  supply  of  water  is  8  miles  away, 
and  even  that  occasionally  fails.  A  period  of  two  years  and  more 
may  pass  without  a  single  temporary  flow  of  water.  The  total 
amount  of  I^d  capable  of  cuIUvation  amounts  to  about  300  acres 
sufficient  to  support  150  or  200  people  in  ordinary  years,  but  the 
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yield  from  this  land  has  fallen  off  as  much  as  S5  per  cent  in  recent 
dry  yeais,  and  must  fall  off  more  in  the  frequent  seasons  which  are 
worse  than  the  one  in  question.  Winter  crops  such  as  have  just 
been  mentioned,  however,  had  no  importance  for  the  Hohokam,  since 
they  had  no  wheat,  barley,  cats,  or  other  grains  of  the  Old  World,  but 
depended  almost  solely  upon  maize  and  beans,  which  require  summer 
rain.  According  to  Ruelas,  the  Mexican,  no  flood  waters  reached 
Charco  Yuma  in  1385,  when  the  summer  runfall  amounted  to  only 
3.07  inches,  the  minimum  on  record,  nor  in  1886  when  it  amounted  to 
4.27  inches.  If  tu>  water  reached  the  place  with  a  rainfall  of  4.27 
inches  we  may  safely  infer  that  at  least  6  inches  would  be  required  in 
order  to  raise  any  crop  whatever.  During  the  46  years  for  whidi  reo- 
ords  are  aTailable,  15  summers,  or  one-tiiird,  have  had  a  rainfall  of 
less  than  5  inches.  We  seem  compelled  to  conclude  that  at  present 
the  total  amount  of  land  which  could  be  cultivated  under  the  Hoho- 
kam  methods  amounts  to  only  300  acres,  which  would  yield  no  appre- 
ciable crop  at  least  one  year  out  of  three,  and  poor  crpps  about  half 
of  the  rest  of  the  time. 

In  spite  of  these  untoward  circumstances  the  Hohokam  lived  here 
in  considerable  numbers.  On  the  left  bank  of  the  dry  river  bed, 
between  the  channel  and  the  base  of  the  jutting  point  of  the  Tucson 
Mountains,  Mr.  Herbert  Brown,  editor  of  the  Tucson  Star,  showed  us 
the  remains  of  a  large  village.  For  nearly  2  miles  we  found  pottery 
and  other  artifacts  scattered  along  the  base  of  the  mountains,  not 
thick  03  a  rule,  but  at  frequent  intervab  as  if  houses  had  been  located 
here  and  there  along  the  edge  of  the  cultivated  land  just  as  we  have 
seen  to  be  the  case  farther  upstream,  or  as  tiie  modem  houses  of  the 
Papogo  Indians  are  located  at  San  Xavier.  In  the  center  of  the  vil- 
lage  the  pottery  is  thicker.  There  we  found  a  great  bowlder  of  and&- 
sitic  lava  almost  buried  in  alluvium.  It  was  studded  with  24  round 
holes  about  10  inches  deep  and  3  or  4  in  diamet^,  while  a  Bimilar 
block  not  far  away  contained  7  holes  of  the  same  sort.  Long  ago  the 
Hohokam  women  must  have  gathered  here  with  their  stone  pestles, 
and  gossiped  as  they  sat  on  the  great  rocks  and  pounded  com,  beans, 
or  other  seeds  to  make  flour  for  the  daily  bread  of  their  husbands  and 
sons.  Kot  far  away  an  elliptical  inclosure  of  the  kind  which  we  have 
supposed  to  be  a  temple  or  place  for  religious  ceremonials  has  a  length 
of  210  feet  and  a  wid^  of  90,  dimensions  sufficient  to  indicate  a  village 
of  considerable  size.  Back  of  the  temple  and  the  great  grinding  stone, 
ii  these  are  the  proper  terms,  the  whole  eastern  and  northern  face  of  the 
steep  rocky  hills  is  covered  with  low  defensive  walls,  inclosing  spaces 
10  to  30  feet  wide,  where  families  appear  to  have  taken  refuge  in 
times  of  danger.  A  rough  estimate  shows  that  these  indosures  num- 
ber several  hundred,  which  gives  some  idea  of  the  probable  size  of 
the  village.    In  addition  to  the  ruins  already  described  there  was  still 
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another  lai^  villftge  in  this  vicimtj  on  the  farther  side  of  tihe  Point 
of  the  Mountains,  that  is  half  or  three^uarters  of  a  mile  downstream. 
Here  for  nearly  a  mile  and  a  half  along  the  gravel  terrace  ahove  the 
alluvial  plain  of  the  Santa  Cruz,  and  overlooking  at  a  distance  the  300 
acres  now  under  cultivation,  pottery  and  the  usual  accompanying 
artifacts  are  thickly  scattered.  The  central  part  of  the  vill^e  occu- 
pies an  area  of  about  200  acrea,  while  the  surrounding  part  where 
population  was  less  dense  covers  a  slightly  larger  area.  In  the  center 
of  the  villi^,  pottery  is  thickly  strewn,  and  the  upper  layers  of  earth 
are  full  of  it  to  a  depth  of  2  feet,  indicating  very  long  occupation. 
This  lower  viUi^  was  larger  than  the  one  on  the  other  side  of  the 
mountains,  and,  to  judge  from  the  degree  of  ruin  of  its  ceremonial 
chambers,  it  appears  to  have  been  occupied  toiler  and  abandoned 
earher.  Moreover,  there  are  no  defensive  walls,  so  far  as  we  could 
discover  on  the  side  of  the  hills  facing  it,  although  there  are  plenty  on 
the  other  side.  All  these  things  suggest  that  the  original  village  was 
downstream  fpim  the  Point  ot  the  Mountains,  and  existed  during  a 
time  of  peace,  prosperity  and  dense  population,  while  the  other  village 
was  occupied  later,  perhaps  at  a  time  when  the  water  supply  was 
becoming  less  so  that  it  was  necessary  to  move  upstream  above  the 
rocky  dam  of  the  mountains.  At  the  same  time  war-like  conditions 
perhaps  began  to  prevail,  possibly  because  of  the  distress  due  to  lack 
of  rain,  and  accordingly  the  people  of  the  village  were  obliged  to 
build  places  of  defence  upon  the  mountain  side. 

Below  Charco  Yuma  agricultural  conditions  become  less  and  less 
favorable.  Nevertheless  ruins  of  villages  are  found  at  Nelson's  Des- 
ert Ranch,  26  miles  from  Tucson,  at  Picacho,  16  miles  farther  down 
the  Santa  Cruz,  and  in  several  locaUties  south  of  Toltec  Station, 
which  is  about  55  nules  northwest  of  Tucson.  These  last  sites  lie  in 
a  region  where  a  recent  attempt  at  irrigation  has  been  made  on  a 
laige  scale.  A  dam  of  earth  was  thrown  up  to  collect  flood  water, 
and  canals  were  constractod  to  distribute  it  over  a  plain  of  the  richest 
soil.  My  hist  knowledge  of  the  project  came  from  the  sight  of  a  cloud 
of  dust  which  I  saw  from  a  mountain  top  many  milra  away.  "That," 
said  my  companion,  "is  the  dust  of  the  4,000  acres  that  the  Santa 
Cruz  Reservoir  Co.  plowed  up  and  planted  with  barley  last  fall. 
Not  a  grain  of  their  barley  has  come  up  in  the  whole  4,000  acres, 
and  yet  they  are  trying  to  sell  farms."  Later  I  rode  through  the 
dust  of  the  great  plowed  field — dust  ankle  deep — and  saw  with  my 
own  eyes  that  there  was  not  a  vestige  of  any  growing  thing.  During 
the  winter  no  water  came  down  to  fill  the  reservoir;  the  next  sum- 
mer brought  no  better  success,  and  the  project  was  abandoned.  The 
entire  group  of  ancient  villages  in  this  region  of  unsuccessful  irriga- 
tion below  Charco  Yuma  must  have  contained  as  many  people  as  the 
groups  at  either  Jaynes  or  Charco  Yuma.    In  every  village  of  this 
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most  remote  group  the  problem  not  only  of  raJsing  crops,  but  of  obtain- 
ing drinking  water,  would  apparently  prevent  primitive  people  from 
living  tbere  under  present  conditions.  Wells  a  hundred  or  more  feet 
deep,  such  as  support  the  few  fai>ecattered  cattle  ranches  of  modern 
times,  were  of  coiu^e  out  of  the  question.  Beservoirs  were  doubtless 
the  common  resource,  but  they  were  apparently  constmcted  merely 
of  earth  without  plaster,  and  at  beat  they  must  have  been  shallow. 
If  for  10  consecutive  months  no  floods  came  down  the  river  to  this 
point,  as  happened  in  190d-10,  all  the  water  must  have  disappeared 
by  seepage  or  evaporation,  to  say  nothing  of  daily  use,  long  before 
the  supply  was  replenished;  while  periods  like  188^1886,  when  there 
were  no  floods  for  at  least  30  months,  would  inevitably  cause  the  com- 
plete abandonment  of  such  a  village  and  probably  the  death  of  many 
of  its  inhabitants,  by  reason,  not  only  of  hunger  and  famine,  but  also 
of  the  wars  and  dissentions  which  would  inevitably  arise  when  all 
the  countiy  was  in  the  throes  of  terrible  drought.    . 

To  sum  up  the  conditions  in  the  Santa  Cru2  Valley,  it  appears  that 
at  present  not  more  than  four  or  five  thousand  people  could  End  sus- 
tenance without  modem  railroads  and  other  means  of  outside  assist- 
ance. The  part  of  the  valley  which  is  now  capable  of  cultivation 
contains  ruins  which  indicate  that  all  the  available  land  was  utilized 
in  the  past.  Below  the  point  where  irrigation  is  now  possible  there 
are  three  large  groups  of  ruins,  and  the  three  together  must  have 
had  as  many  people  as  the  higher  regions  where  there  is  still  water. 
In  ot^er  words,  it  seems  aa  if  the  Santa  Cruz  Valley  once  had  at  least 
twice  as  many  people  as  it  could  at  present  support,  and  half  of  these 
lived  where  the  white  man  can  not  now  get  a  hving  from  agriculture. 

Before  leaving  the  Santa  Cruz  drainage  area,  we  must  describe  two 
sites  located  at  the  headwaters  of  tributaries  and  affording  phenom- 
ena different  from  those  thus  far  discussed.  The  first  is  at  Gibbon's 
ranch,  east  of  Tucson,  at  the  southern  base  of  the  Santa  Catalina 
Mountains.  This  is  one  of  the  few  places  where  the  water  supply 
depends  upon  a  ^ring  rather  than  a  stream.  In  1910  we  found  the 
site  unoccupied,  although  a  decaying  adobe  house  stands  beside  a 
small  reservoir  supplied  by  two  or  three  trickling  little  springs.  The 
total  amoimt  of  water  in  March,  1910,  would  scarcely  have  sufficed 
to  irrigate  3  or  4  acres,  an  amount  so  small  that  the  owner  of  the 
ranch  did  not  find  it  worth  while  to  practice  agriculture  at  all,  but 
turned  his  attention  to  cattle  raising.  Since  his  death  or  removal, 
no  one  has  lived  there.  Some  day,  perhaps,  a  thrifty  Chinese  peasant 
will  establish  there  a  market  garden.  He  will  certainly  be  most 
skillful  if  he  can  make  the  water  suffice  for  the  support  of  more  than 
two  or  three  famiUes.  Yet  once  there  was  a  respectable  village  here. 
East  of  the  dry  "wash"  or  sandy  flood  chaimel  which  occasionally 
carries  water  for  an  hour  or  two  while  rain  is  falling,  my  guide,  Mr. 
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Bovee,  and  I  counted  the  stone  foundations  of  28  houses  in  ah  area 
of  S  acres,  while  we  found  pottery  quite  thickly  strewn  over  40  acres. 
We  doubtless  missed  some  of  the  houses,  either  because  their  founda- 
tions have  been  concealed  by  the  washing  of  gravel  in  floods,  or  be- 
cause their  appearance  is  insignificant.  Hence  we  seem  to  be  well 
within  the  limit  if  we  say  that  the  population  of  the  villf^e  in  its 
prime  was  probably  as  much  as  120,  whereas  now  the  available  water 
supply  is  sufficient  for  little  more  than  one-tenth  as  many.  I  am 
well  aware  that  the  common  objection  to  this  conclusion  is  that  the 
ancient  Americans  did  not  occupy  all  the  houses  of  a  village  at  once; 
that  people  built  houses,  and  then  if  some  one  died  they  built  others; 
and  thus  there  might  be  many  times  as  large  a  number  of  houses  as 
there  were  families.  This  view,  however,  is  improved.  Its  basis,  is 
first,  the  fact  that  certain  modem  tribes  of  Indians,  few  in  number, 
and  living  largely  in  huts  of  temporary  and  easily  constructed  char- 
acter, have  the  ^abit  here  described;  and,  second,  the  unfounded 
assumption  that  the  population  of  the  southwest  in  ancient,  prehis- 
toric times  can  not  possibly  have  been  so  lai^e  as  the  ruins  would  seem 
to  indicate,  because  the  country  can  not  now  support  so  many  people. 
In  reply  to  this  it  may  be  said,  first,  that  we  have  no  knowledge  of 
the  customs  of  the  Hohokam  apart  from  what  we  learn  from  their 
ruins,  nor  do  we  even  know  that  they  were  related  to  the  modem 
Indians  any  more  closely  than  we  are  supposed  to  be  to  our  fellow 
Indo-Europeans,  the  Persians.  In  the  second  place,  the  habit  of 
abandoning  dwellings  i^ter  some  one  has  died  in  them  is  not  at  all 
common  at  the  present  time,  and  it  rarely  or  possibly  never  prevails 
among  a  purely  sedentary,  agricultural  people  such  as  the  Hohokam 
appear  to  have  been.  It  is  practically  limited  to  tribes  who  wander 
from  place  to  place  and  whose  habitations  ere  consequently  of  the 
nature  of  booths  or  mere  temporary  shelters,  easily  removed  and 
easily  renewed.  In  the  third  place,  the  size  of  the  central  structure 
of  each  ruined  village,  the  supposed  ceremonial  chamber,  is  suffi- 
cient to  indicate  a  considerable  number  of  people.  The  stone  founda- 
tions of  the  structure  at  Gibbon's  ranch,  for  example,  have  a  length 
of  105  feet,  and  it  hardly  seems  probable  that  a  mere  handful  of 
Hohokam,  10  to  20  in  number,  induding  women  and  children,  would 
have  built  so  large  a  building.  Finally,  it  is  unscientific  to  assume 
that  conditions  of  climate  have  always  been  as  they  are  to-day.  It 
may  be  that  those  who  hold  this  view  are  right,  but  they  certainly 
are  not  justified  in  making  the  assumption  when  the  matter  hea 
never  yet  been  submitted  to  any  rigorous  mathematical  investiga- 
tion such  as  is  here  attempted. 

After  studying  the  ruins  of  ihe  main  Santa  Cruz  Yall^  I  came  to  the 
conclusion  that  a  mere  examination  of  the  map  was  sufficient  to 
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indicate  where  ruins  would  be  found.  Accordingly  I  decided  upon 
the  head  of  the  Rincon  Valley,  about  22  miles  southeast  of  Tucaon, 
as  a  test  case.  The  expected  ruins  were  found  in  tiie  shape  of  several 
small  viUageB,  the  chief  of  which  contains  the  foundations  of  at  least 
18  houses.  Probably  there  were  once  other  houses  in  the  valley, 
for  pottery  is  found  in  several  places  where  no  foundations  are  visible. 
The  present  population  consiste  of  two  Mexican  and  two  American 
families,  one  of  the  latter  being  the  forest  ranger;  but  tha  arable 
land  is  said  to  amount  to  150  or  200  acres,  which  would  permit  of  a 
population  of  20  or  25  families.  The  significant  fact  in  this  case  is 
not  the  discrepancy  between  the  present  and  past  population.  The 
number  of  inhabitants  in  the  past  was  not  limited  by  the  amount  of 
water  available  in  the  stream,  but  by  the  amount  of  level  land  in  the 
narrow  bottom  of  the  valley.  Apparently  the  Hohokam  wanted 
more  land  than  they  could  readily  obtain.  About  a  mile  and  a  half 
east  of  tiie  forest  ranger's  house  and  some  3  miles  east  of  the  promi- 
nent hill  called  Sraitinel  Butte,  a  grassy  slope  drops  toward  the 
northwest  at  the  base  of  Rincon  Pee^,  8,46S  feet  high.  The  slope 
has  a  fall  of  about  10  degrees,  and  an  altitude  of  from  3,300  to  3,500 
feet  above  sea  level.  On  the  most  favorable  part  of  the  slope,  for  a 
distance  of  about  half  a  mile  parallel  to  the  upper  Rincon,  and  for  a 
width  of  half  or  two-thirds  as  much,  on?  finds  unmistakable  terraces 
built  apparently  for  purposes  of  f^iculture.  In  general  they  are 
from  20  to  70  feet  long  and  2  or  3  feet  high.  The  commonest  location 
is  at  right  angles  to  the  minor  drainage  lines,  each  little  swale  being 
broken  into  terraces  with  a  width  of  from  20  to  30  feet.  In  some 
cases  the  spaces  between  the  swales  are  alao  terraced,  the  terrace 
walls  in'  all  cases  being  composed  of  pebbles  and  cobblestones.  I 
searched  carefully  for  pottery,  but  succeeded  in  finding  only  one  or 
two  coarse  bits,  quite  in  contrast  to  the  abundant  potsherds  which 
occur  not  only  among  the  foundations  lower  down  the  valley,  but 
along  the  borders  of  the  alluvial  plain.  The  only  other  works  of 
man  among  the  terraces  are  some  small  stone  circles,  like  the  beds 
where  the  modem  Indians  cook  the  yucca  to  make  the  drink  known  as 
mescal,  and  a  low  round  structure  of  bowlders.  The  whole  hillside  is 
almost  exactly  like  hundreds  in  Palestine,  Syria,  and  Asia  Minor,  or 
like  others  in  Mexico  and  South  America.  Even  the  little  round 
structure,  about  7  feet  in  diameter,  with  its  small  doorway,  suggests 
the  watchmen's  shelters  in  the  terraced  fields  of  Syria,  There  can 
scarcely  be  any  doubt  that  the  terraces  were  designed  for  agriculture. 
Apparently  they  were  not  intended  for  irrigation,  for  they  are  not 
properly  arranged  for  this,  nor  does  there  appear  to  be  any  available 
source  of  water.  They  must  have  been  intended  for  dry  farming. 
Three  or  four  miles  down  the  valley,  near  the  main  village,  a  few  simi- 


..Cooglc 


396  AKSUAL  SfePOat  bMITHSONUM  lUrstlTtrttON,  I9t2. 

lar  terraces  occur  on  a  gravel  slope  east  of  the  ruins  and*  far  above 
any  available  supply  of  water,  so  that  here,  too,  dry  farming  appears 
to  have  been  attempted. 

Prof.  Farbea  of  the  Arizona  Experiment  Station,  as  baa  already  been 
stated,  eaya  that  dry  fanning  ia  not  now  practicable  in  Arizonaexcept 
by  most  careful  and  ezpenaive  methods  of  plowing  and  herrowing 
coDliilued  for  two  years  in  order  to  get  a  single  crop.  The  terraced 
slope  in  the  upper  Bincon  Valley,  because  of  ita  proximity  to  the 
mountains,  undoubtedly  receives  more  rain  than  do  many  parts  of 
the  country.  Over  on  the  east  side  of  the  neighboring  Santa  Kita 
Mountains  at  an  elevation  considerably  greater  than  that  of  our 
terraces,  potatoes  have  been  reported  as  grown  without  irrigatioii, 
but  inquiry  shows  that  they  are  watered  naturally  by  springs  seeping 
out  above  them.  In  the  same  r^on,  at  t^e  mouth  of  Gardener's 
Canyon  at  an  elevation  of  5,000  feet,  four  or  five  settlers  took  up 
land  and  attempted  re^  dry  farming  in  1909.  The  elevation  is 
sufficient  to  insure  moderately  cool  weath^,  and  hence  less  evapora- 
tion than  in  the  parching  plains.  The  rainfall  during  the  summer 
season  of  1909,  as  measured  at  the  Empire  ranch,  not  for  away, 
amounted  to  9.39  inches  as  against  an  average  of  7.93  for  the  preced- 
ing 15  years.  Nevertheless,  the  com  of  the  settles  failed  utterly; 
and  the  beans,  the  most  reliable  of  all  crops,  gave  bo  scanty  a  return 
that  tJie  fanners  were  completely  discouraged.  In  the  absence  of 
records  we  can  not  say  cate^rically  that  crops  might  not  be  raised 
on  the  terraces  at  Rincon.  We  can  merely  say  that  nothing  of  the 
kind  has  succeeded  in  this  part  of  Arizona  hitherto,  and  that  in  April, 
1910,  we  found  the  terraces  with  no  more  sign  of  fresh  vegetation 
than  was  apparent  on  the  surrounding  dry  plains. 

Apart  from  the  immediate  question  of  the  possible  climatic  signifi- 
cance of  the  tenaces,  they  are  important  in  another  aspect.  Man- 
kind rarely  labors  except  under  the  compulsion  of  some  strong  f  oroe 
such  as  hunger,  fear,  or  ambition.  The  ancient  Hohokam  would 
scarcely  have  gone  to  the  labor  of  making  the  terraces  without  some 
good  motive.  The  obvious  agricultural  character  of  the  terraces 
^ecludes  the  possibiUty  of  any  religious  significance,  as  does  the 
fact  that  elsewhere  such  tenaces  are  found  closely  associated  with 
religious  structures  from  which  they  are  dearly  differentiated. 
Defense  apparently  had  nothing  to  do  with  the  matter,  for  thwe 
seems  to  be  no  fortress  near  at  hand,  the  terraces  are  in  a  decidedly 
undefensible  location,  and  they  are  not  protected  by  walla.  The 
only  adequate  explanation  would  seem  to  be  the  need  of  more  abun- 
dant areas  of  cultivation.  Probably  the  Hohokam  of  the  Bincon 
Valley  found  that  the  limited  amount  of  land  in  the  bottom  of  their 
narrow  valley  was  not  sufficient  for  their  needs.  Therefore,  having 
somehow  learned  the  art  of  making  terraces  as  practiced  in  other' 
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parts  of  the  arid  southwest  of  in  Mexico,  they  bui]t  a  considerable 
number,  poi'tly  close  to  their  main  village,  but  chiefly  on  a  slope  of 
especially  favorable  location.  This  in  itself  may  seem  of  small 
importance,  but  it  is  significant  as  indicating  that  probably  the 
population  was  decidedly  dense.  Had  there  been  abundant  unused 
irrigable  laud  either  in  the  Hincon  Valley  or  in  neighboring  regions, 
the  Hohokam  would  scarcely  have  gone  to  the  labor  of  building  tei^ 
races.  Hence  we  infer  that  the  population  of  the  country  as  a  whole 
was  as  dense  as  is  indicated  by  Uie  abundant  ruins. 

The  preceding  pages  have  been  devoted  to  the  description  of  the 
phenomena  of  a  single  valley  in  southern  Arizona.  That  valley  was 
not  chosen  because  of  the  strength  of  its  evidences  of  climatic  changes, 
but  merely  because  it  happened  to  be  the  first  which  I  investigated 
and  the  one  where  I  spent  most  time.  Half  a  dozen  others  might 
have  been  chosen  equally  well.  The  same  type  of  phenomena  is 
displayed  with  equal  clearness  in  the  Altar  Vi^ey  of  northwestern 
Mexico,  in  the  Chaco  Valley,  500  miles  to  the  northeast,  in  the  north- 
western corner  of  the  State  of  New  Mexico,  and  in  numerous  vallejrs 
between  the  two,  and  in  the  regions  round  about.  Further  detaib, 
however,  would  overcrowd  this  article  and  we  must  hasten  on  to 
consider  another  phase  of  the  subject. 

PART  II,  THE  SUCCESSION  OF  CIVILIZATION. 

Thus  far  we  have  dealt  solely  with  the  question  of  whether  the 
climate  of  the  past  was  different  from  that  of  the  present.  Having 
concluded  that  there  is  strong  evidence  that  this  was  the  case,  we 
shall  now  attempt  to  ascertain  whether  the  change  from  the  past  to 
the  present  took  place  gradually  or  in  pulsatory  fashion,  and  whether 
its  various  phases  synchronize  with  similar  phases  in  the  Old  World. 
The  first  evidence  on  this  point  is  derived  from  alluvial  terraces  end 
lacustrine  strands,  and  points  distinctly  toward  pulsatory  changes, 
but  gives  little  clew  to  their  dates.  Coming  to  man's  works,  we  find 
that  a  broad  view  of  tho  ruins  of  the  southwest  seems  to  show  that 
they  belong  to  at  least  three  periods.  During  each  of  these  periods 
the  area  capable  of  cultivation  appears  to  have  been  more  extensive 
than  at  present,  although  only  slightly  so  in  the  last  period.  In  the 
middle  period  the  arable  area  was  larger  than  in  the  last,  and  in  the 
earliest  still  lai^er.  The  last  period  dates  back  only  to  Spanish 
times.  The  best  example  for  discussion  here  is  the  ruins  of  Gran 
Quivira  in  central  New  Mexico.  These  ruins  lie  on  the  top  of  a 
rounded  hill  about  200  feet  above  a  broad,  open  valley  draining 
toward  the  south  and  a  mile  or  more  in  width.  The  altitude  of  the 
region  is  over  6,000  feet,  so  that  the  temperature  is  comparatively 
low.  The  ruins  consist  of  two  distinct  porfions,  Pueblo  and  Spanish, 
covering  an  area  about  700  by  350  feet.    Ail  the  buildings  were  con- 
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structed  of  rough  rectangles  of  light  gray  Umestone,  whoso  chaiactw 
is  such  that  long  and  arduous  work  would  be  required  to  get  it  out 
in  large  quantities  without  the  aid  of  explosives.  Inasmuch  as  the 
village  was  evidently  built  long  before  the  coming  of  the  Spaniards, 
we  must  assume  that  the  Pueblos,  or  their  predecessors,  put  them- 
selves to  a  vast  amount  of  labor  in  the  process  of  quarrying,  squarii^, 
and  transporting  the  stones  of  their  numerous  houses.  Many  of  the 
dwellii^  were  of  two  stories,  and  the  height  of  the  heaps  of  rocks 
makes  it  probable  that  some  were  of  at  least  three  stories.  The 
rooms  are  all  small,  as  is  customary  in  this  region,  the  majority  not 
exceeding  7  by  9  feet.  The  exact  number  of  rooms  has  never  been 
counted,  but  if  we  assume  that  only  half  of  the  5)  acres  covered  by 
the  ruins  was  actually  built  upon,  and  that  the  rooms,  including  the 
walls,  had  an  average  size  of  10  feet  by  10,  there  must  have  been 
about  1,100  rooms  on  the  ground  floor.  The  upper  stories  may  be 
put  at  400  rooms,  although  the  actual  number  was  probably  two  or 
three  times  as  great,  liiis  gives  1,500  rooms  as  a  low  estimate, 
which  would  mean  at  least  a  thousand  people. 

When  the  Spaniards  came  to  the  country  at  the  beginning  of  the 
seventeenth  century,  the  village  of  Gran  Quivira  waa  evidently  one 
of  the  most  important  in  the  district.  Otherwise  the  canny  fathers 
would  not  have  built  here  one  of  their  largest  missions.  Possibly  a 
portion  of  the  village  was  in  ruins,  and  the  rocks  from  it  may  have 
supplied  materials  for  the  large  church  with  walls  5  feet  thick  and 
for  the  other  structures  which  the  Spaniards  erected.  Nevertheless 
the  number  of  natives  must  have  been  considerable.  The  beginning 
of  the  Spanish  regime  here,  as  in  the  rest  of  New  Mexico,  appears  to 
have  been  highly  peaceful  and  prosperous.  Its  end,  so  far  as  Gran 
Quivira  is  concerned,  seems  to  have  come  at  the  time  of  the  Pueblo 
rebellion,  which  culminated  in  1680.  Since  that  time  the  site  has 
■  been  left  as  a  center  around  which  a  multitude  of  traditions  have 
gathered.  One  tradition  ascribes  its  destruction  to  an  earthquake, 
another  to  a  flow  of  lava  bursting  forth  some  miles  away,  and  still  a 
third  speaks  of  a  river  which  has  now  disappeared. 

The  truth  seems  to  bo  that  there  is  no  village  now  at  Gran  Quivira 
because  there  is  no  water  and  the  land  is  too  dry  for  successful  culti- 
vation except  in  years  of  good  rainfall.  A  ranch  is  located  in  the 
valley  below  the  ruins,  but  it  is  not  permanently  inhabited,  although 
a  little  cultivation  is  carried  on.  Settlers  have  recently  taken  up 
land  10  to  15  miles  to  the  north,  but  axe  having  a  very  hard  time.  If 
the  rainfall  is  propitious  they  can  exist,  but  in  1909  none  of  them 
raised  enough  to  live  on.  It  scarcely  need  be  added  that  all  depend 
upon  deep  wells  for  water.  So  far  as  we  can  gather,  the  Pueblo 
Indians,  like  their  Hohokam  predecessors,  knew  nothing  of  lime  or 
mortar  and  had  no  facilities  for  making  water-tight  cisterns.    They 
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2.  Typical  Forest  of  Suhuaho  or  Giant  Cactus  in  the  Santa  Cruz  Vallev. 
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I.  Cliff  Dwellinqs  in  the  Canyon  de  Los  Fruoles. 


2.  Ruins  of  Tuvoni  in  the  Canvon  de  Los  Fruoles. 
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constructed  numerous  reservoirs,  however,  and  these  were  their  main 
dependence  in  the  dry  season.  One  such  reservoir  still  remains 
intact  at  Gran  Quivira.  It  hes  about  a  quarter  of  a  mile  east  of  the 
village  in  the  mouth  of  a  shallow  arrojo,  as  dry  valley  are  here 
called.  The  reservoir  is  only  about  75  feet  in  width  and  5  feet  deep. 
The  owners  of  the  ranch  down  below  in  the  main  valley  say  that 
during  seven  years  of  life  here  they  have  never  seen  any  water  in  it 
except  immediately  after  rain.  My  visit  took  place  in  the  early 
spring  of  1911,  after  a  more  than  commonly  rainy  season.  The  day 
before  I  started  from  the  railroad  at  WUlard,  30  miles  to  the  north, 
there  was  a  heavy  storm,  and  during  the  drive  we  were  soaked  in  a 
pouring  rain.  Nevertheless  the  next  morning  the  reservoir  con- 
tained no  water  and  showed  no  sign  of  having  had  more  than  a  small 
pool  in  it  the  day  before.  In  all  the  region  within  a  score  of  miles  of 
Gran  Quivira  there  is  only  one  permanent  spring.  That  is  located  7 
miles  to  the  west  at  Montezuma,  and,  as  might  be  expected,  it  has  its 
own  ancient  village.  Strangely  enough,  however,  the  Montezuma 
village  was  apparently  abandoned  long  before  Gran  Quivira.  This 
suggests  that  the  difficulty  of  raising  crops  was  a  more  serious  matter 
than  the  difficulty  of  obtaining  water.  At  Montezuma  the  land  does 
not  lie  so  low  and  flat  as  at  Gran  Quivira,  and  is  not  flooded  as  are 
the  lowlands  of  the  latter  place  during  summers,  when  the  rainfall  is 
unusually  latge.  In  considering  these  places  the  point  to  be  borne 
in  mind  is  this:  We  have  before  us  two  theories,  which  stand  on  an 
equal  footing  as  to  innate  probability.  The  only  question  is  which 
one  best  flts  all  the  facts.  One  theory  is  that  the  climate  of  the  post 
three  centuries  has  been  uniform,  while  the  other  is  that  the  seven- 
teenth century  was  considerably  moister  than  the  nineteenth,  and 
that  the  eighteenth  century  was  intermediate  between  the  other  two. 
Viewing  the  two  theories  without  prejudice,  the  theory  of  change 
seems  to  fit  the  facts  better  than  the  theory  of  uniformity.  Hence 
we  may  tentatively  conclude  that  the  seventeenth  century  was  a 
period  of  relative  humidity,  although  both  the  preceding  and  succeed- 
ing centuries  may  have  been  comparatively  dry. 

The  other  two  periods  of  relative  moisture  may  well  be  discussed 
together.  One  of  the  most  striking  examples  of  a  former  abundant 
population  in  a  region  now  almost  uninhabited  is  the  Chaco  Canyon 
in  the  northwestern  comer  of  New  Mexico.  It  lies  just  to  the  west 
of  the  wooded  crest  which  forms  the  continental  divide  in  this  por- 
tion of  the  great  southwestern  plateau.  As  soon  as  the  wooded  area 
is  left  behind  one  comes  out  upon  a  barren  treeless  plateau  at  an 
elevation  of  6,000  or  7,000  feet,  a  dreary  region  where  one  may  ride 
25  miles  at  a  stretch  without  seeing  a  single  habitation.  The  only 
inhabitants  are  a  few  nomadic  Indians  of  the  Navajo  tribe  and  a 
handful  of  white  settlers.    The  Indians  and  a  few  of  the  white  men 
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keep  sheep,  while  the  rest  of  the  white  men,  which  means  about  one 
for  every  thousand  square  miles,  are  traders  who  supply  the  simple 
wants  of  the  Indians,  and  incidentally  make  large  profits.  Here  and 
there  a  few  acres  are  culUvated  by  the  Navajos,  but  not  one  family 
in  ten  possesses  any  arable  land,  and  even  those  who  have  fields  by  no 
means  get  their  main  living  or  even  a  good  share  of  it  from  agriculture. 

The  most  remarkable  portion  of  this  region  is  the  Chaco  Canyon. 
In  this  steep-aided,  flat-floored  valley  there  are  at  the  present  time 
two  Indians  who  are  reasonably  sure  of  a  crop  of  com  each  year. 
I  saw  their  farms,  unbelievably  dreary  wastes  of  drifting  sand  in  tihe 
bottom  of  the  canyon  where  two  lai^e  branches  join,  and  where  there 
is  consequently  more  water  than  anywhere  else  for  50  miles.  The 
Band  is  a  necessary  adjunct  of  farming,  for  it  is  needed  to  act  as  a 
mulch  to  prevent  the  evaporation  of  the  precious  water.  These  two 
men  between  them  have  not  more  than  20  or  30  acres,  if  as  much. 
Even  their  crops  fful  completely  sometimes,  as  in  1903.  During  the 
last  16  years,  that  is,  from  1895  to  1911,  according  to  information 
given  me  by  a  trader's  wife  who  bos  lived  there  during  that  time  and 
who  moYed  away  because  her  husband  was  murdered  by  the  Indians, 
the  crop  of  all  ihe  Indians  except  the  two  just  mentioned  failed 
absolutely  in  the  years  1902,  1903,  and  1004,  while  good  crops  were 
raised  in  only  two  years,  1905  and  1908.  During  the  remaining  IX 
years  an  Indian  here  and  there  raised  a  scanty  crop,  but  none  of  them 
could  get  a  living  were  it  not  for  their  cattle  and  horses. 

The  contrast  between  the  past  and  the  present  is  remarkable.  In 
the  Chaoo  Canyon  or  on  the  plateau  on  cither  side  of  it  there  are 
about  20  ruins  of  considerable  size  within  a  distance  of  25  miles. 
Some  of  these,  such  as  Pueblo  Bonita,  Chetwelketl,  and  othere,  are 
strongly  built,  compact  structures,  which  must  have  sheltered  hun- 
dreds of  people,  and  tlie  lai^r  ones  probably  had  one  or  two  thousand 
denizens.  There  can  scarcely  have  been  less  than  5,000  people  in  the 
canyon  and  its  vicinity,  and  perhaps  the  number  was  much  lai^ger. 
Whether  it  be  10,000  or  1,000,  however,  matteis  little,  for  the  main 
point  is  that  we  have  here  a  series  of  stroi^ly  built,  fortified  villages 
whose  inhabitants  evidently  cultivated  a  lai^  amount  of  land  where 
now  no  crops  can  be  raised,  Tliese  people,  as  appears  from  their 
pottery,  their  skulls,  and  their  methods  of  architecture,  belonged  to 
a  civilization  different  from  and  earlier  than  that  of  the  modem 
Pueblos  who  inhabited  Gran  Quivira  at  the  time  of  the  coming  (rf 
the  Spaniards. 

Yet  the  builders  of  the  high  walls  which  we  now  see  in  the  Chaco 
Canyon  were  not  the  original  inhabitants  of  the  country.  Digging 
down  below  their  ruins  one  finds  traces  of  an  older  occupation. 
Moreover,  the  largest  villages  with  houses  of  several  stories,  which  are 
now  in  chief  evidence,  invariably  lie  near  to  main  lines  of  drainage 
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or  to  places  where  it  is  clear  that  s  moderate  increase  in  the  amount 
of  rainfall  would  cause  permanent  streams  or  springe  to  flow.  Farther 
away  on  the  top  of  the  plateau,  howeyer,  far  from  the  larger  ruins 
and  remote  from  any  except  small  volleys,  numerous  ruins  of  an- 
other, more  primitive  type  are  found.  They  are  usually  small,  and 
ara  greatly  ruined,  and  seem  to  belong  to  a  time  long  anterior  to  the 
main  large  ruins. 

One  of  the  best  places  for  the  study  of  this  older  type  of  ruins  isin 
the  Fajaritan  Plateau,  20  or  30  miles  northwest  of  Santa  Fe,  the 
capital  of  New  Mexico.  I  was  taken  to  this  r^on  by  Mr.  Kemwth 
M.  Chapman,  curator  and  artist  of  the  Archeologioal  Museum  of 
New  Mexico.  The  plateau  is  a  beautiful  district  covered  with 
forests  of  juniper  and  pifion,  which  at  higher  altitudes  give  place  to 
stately  yellow  pines  set  in  open  order  with  stretches  of  sparse  grass 
between  them.  In  spite  of  the  deep  soil,  the  grass,  and  the  trees, 
we  saw  no  sign  of  habitation,  for  except  in  a  few  insignificant  spots 
in  the  bottoms  of  the  canyons  where  irrigation  is  possible,  all  the 
great  plateau  is  too  dry  for  any  cultivation  below  a  level  of  about 
8,000  feet.  Soon  after  reaching  the  main  top  of  the  plateau  we  came 
upon  the  first  of  the  great  number  of  ruins  which  are  scattered  in 
every  part  of  the  plateau.  These  particular  ones  were  cliff  dwellings 
of  the  usual  type,  caves  dug  in  the  soft  volcanic  rock  of  the  side  of  a 
shallow  canyon,  and  fronted  by  rooms  made  of  blocks  of  the  same 
soft  tufa.  The  number  of  such  caves  and  cliff  dwellings  is  literally 
thousands  in  this  one  Fajaritan  Plateau.  With  them  are  associated 
the  ruins  of  villages  like  those  of  the  Chaco  Canyon.  After  crossing 
several  minor  canyons,  we  found  ourselves  at  the  edge  of  the  deep 
Canyon  de  Iioa  Frijoles,  or  Bean  Canyon,  where  a  precipitous  cliff 
fell  away  400  feet  or  more  at  our  feet.  Unhitching  the  horses  we 
left  the  wagon  on  the  plateau,  and  turned  the  animals  down  a  steep 
winding  trail,  blasted  in  part  from  the  face  of  the  solid  rock.  We 
had  not  followed  them  far  when  I  uttered  an  involuntary  exclama^ 
tion  of  delight.  I  knew  that  we  were  to  visit  one  of  the  most  interest- 
ing ruins  of  New  Mexico,  hut  I  had  no  idea  of  finding  it  in  so  pictu- 
resque a  canyon.  I  had  still  less  expectation  of  suddenly  seeing  far 
below  us  on  a  small  level  space  at  the  base  of  the  precipice  a  structure 
which  at  first  sight  suggested  a  Greek  amphitheater.  It  was  the 
village  of  Tuyoni,  excavated  by  the  School  of  American  Archeology 
at  Santa  Fe  in  the  four  seasons  from  1908  to  1911.  The  plan  of  the  - 
ruins  is  symmetrical,  a  circle  slightly  flattened  on  the  north  side,  and 
containing  from  five  to  e^;ht  tiers  of  rooms  uranged  like  the  seats 
of  a  theater.  Across  the  flattened  end  where  the  stage  would  be 
expected  a  line  of  rooms  contains  the  remnants  of  three  circular 
chambers  or  "kivas,"  designed  for  religious  purposes,  apparently 
analogous  to  the  larger  circular  or  elliptical  structures  which  are 


402  ANNUAL  BBPOBT  SMITH80NIAN  INSTITUTION,  1912. 

found  SO  commonly  amoi^  the  ruina  of  adobe  and  wattle  Tillies  in 
the  Santa  Cruz  Vajley  and  other  regions  farther  south. 

The  Canyon  de  Los  Frijolea  contains  not  only  the  main  ruined 
village  of  Tuyoni  and  several  smaller  ones,  but  also  a  great  number  of 
caves  and  cliS  dwellings.  Doubtless  the  caves  were  at  first  the  chief 
homes  of  the  aboriginea;  but  as  time  went  on  and  a  higher  stf^e  of 
civilization  was  reached,  the  excavations  were  used  chiefly  as  store- 
rooms, and  the  main  life  of  the  households  was  conducted  in  rooms 
of  stone  plastered  with  mud.  Often  a  house  consisted  of  three  tiers 
of  rooms  in  front  of  a  cave;  and  in  many  cases  the  rooms  were  built 
one  on  top  of  another  to  a  he^ht  of  three  stories.  Most  of  the 
rooms,  like  those  of  all  the  primitive  people  of  the  Southwest,  as  well 
as  the  modem  pueblos,  wero  entered  through  the  roof.  The  small 
size  of  the  rooms,  not  over  6  feet  by  10  feet  on  an  average,  is  sur- 
prising. The  reason,  however,  seems  clear.  On  the  high  Pajaritan 
Plateau  the  temperature  often  falls  to  10°  below  zero  F.  The  rela- 
tively dense  population  must  quickly  have  used  up  all  the  available 
dead  firewood  for  many  miles  around,  and  it  was  no  eas^  task  for  a 
primitive  people  unsupplied  with  iron  tools  to  cut  firewood  sufficient 
for  anything  more  than  the  necessities  of  cooking.  Farther  south, 
or  at  lower  altitudes,  the  rooms  were  larger,  for  there  it  was  eaay 
to  keep  warm.  The  low  temperature  does  not  appear  to  have  dimin- 
ished the  number  of  inhabitants.  Frijolea  Canyon  alone  within  a 
distance  of  not  over  a  mile  and  a  half  up  and  down  the  narrow  gorge, 
had  a  population  of  fully  2,000  souls,  according  to  the  estimates  of 
Dr.  Et^ar  L.  Hewett,  director  of  the  School  of  American  Archeology, 
who  was  personally  in  charge  of  the  excavations.  The  actual  number 
of  rooms,  including  the  village  amphitheater,  the  caves,  and  the  cliff 
dwellings,  appetu^  to  have  amounted  to  about  3,000.  At  the  present 
time,  according  to  Judge  Abbot,  who  owns  all  the  vall(^  except  the 
ruins,  the  amount  of  land  that  can  be  irrigated  amounts  to  21  acres. 
Manifestly  the  ancient  Pajaritana  climbed  out  of  the  canyon  to  their 
daily  work,  and  cultivated  the  plateau  where  now  not  a  sohtary 
person  can  make  a  living  from  the  fruits  of  the  earth. 

This  leads  us  to  a  consideration  of  the  older  and  more  widely 
scattered  occupation  of  the  country.  During  our  drive  to  Frijolea 
Canyon  we  watched  carefully  not  only  for  cave  dwellings  and  villages 
of  the  Tuyoni  type,  but  for  the  location  of  little  mounds  which  here 
■  and  there  at  a  distance  from  the  main  sotircea  of  water  proclaim  the 
location  of  houses  scattered  all  over  the  plateau.  One  who  is  not 
closely  on  the  watch  may  miss  these  entirely,  for  they  are  merely 
small  heaps  of  stones.  In  the  space  of  7  miles  we  saw  houses  of  this 
type  within  sight  of  the  road  in  49  different  places.  Inasmuch  as 
several  houses  were  often  clustered  in  one  group,  the  total  number  of 
dwellings  was  67.    They  were  obviously  mere  farmhouses,  but  some 
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had  from  8  to  20  rooms,  and  must  have  been  inhabited  by  more  than 
one  family.  Therefore  in  our  7-niile  drive  through  the  open,  park- 
hke  forest  we  must  have  found  within  sight  of  the  road  the  dwellings 
of  approximately  a  hundred  families.  It  would  be  a  populous 
farming  district  in  any  part  of  England  where  one  could  find  a  hundred 
families  on  7  miles  of  road.  We  can  not,  of  course,  assume  that  abso- 
lutely every  one  of  these  houses  was  occupied  .at  one  time,  but  it  is 
not  at  all  probable  that  any  large  number  were  vacant  at  a  time  when 
new  ones  were  being  built.  Well-squared  blocks  of  stone  must  in 
those  days  have  been  too  valuable  to  permit  of  their  being  wasted 
wl^Ba  new  houaee  were  to  be  built.  Even  in  these  days  when  metal 
toVds  and  explosives  make  it  easy  to  quarry  new  stone,  and  when  the 
population  is  much  less  dense  than  formerly,  the  great  ruins  of 
antiquity  in  western  Asia  are  in  constant  danger  of  being  utterly 
destroyed  by  the  natives,  who  carry  away  the  atone  for  use  in  new 
houses.  In  the  days  of  the  Fajaritans,  when  the  blocks  of  stone  had 
to  be  hewn  with  stone  axes  and  carried  from  the  quarries  in  the 
canyons  on  the  backs  of  men,  or  rather  of  women,  we  can  scarcely 
believe  that  the  people  were  so  extraordinarily  industrious  or  so 
superstitioiis  that  they  would  leave  good  stones  in  ruins  close  at  hand 
and  go  to  the  labor  of  dressing  new  ones.  Therefore  we  believe  that 
St  the  height  of  the  prosperity  of  this  re^on  the  site  of  practiciUlj 
every  nun  was  occupied  by  an  inhabited  farmhouse. 

These  scattered  little  ruins,  aknoat  unnoticed  even  by  the  arche- 
olo^t,  present  one  of  the  most  interesting  problems  in  American 
archeology.  The  potsherds  foimd  in  them  are  of  a  different  typo 
from  those  found  in  the  larger  villages  or  in  the  majority  of  the  cliff 
dwellings  immediately  around  them.  The  pottery  of  the  farms,  as 
Mr.  Chapman  points  out,  is  almost  wholly  a  fine-grained  ware  painted 
white  and  adorned  with  geometrical  designs  in  black.  In  the  larger, 
more  modem  ruins,  however,  only  a  little  of  this  is  found,  while  the 
commonest  kinds  are  a  coaraer  white  ware  with  more  abundant  curves 
in  the  designs,  and  a  wholly  different  type  of  red  ware  adorned  with 
black  figures  painted  with  a  species  of  glaze.  These  differences, 
coupled  with  other  evidence  such  as  the  manifestly  greater  age  of 
the  small  isolated  ruins,  show  that  h«re,  even  more  plainly  than  in 
the  Chflco  region,  we  have  to  do  with  two  occupations  as  distinct 
from  one  another  and  from  the  later  and  far  less  extensive  Pueblo 
occupation  of  the  countiy  as  are  the  modem  American  and  Spanbh 
occupations.  The  first  inhabitants  spread  far  more  widely  than 
their  successors.  They  seem  to  have  felt  no  need  of  being  near  the 
main  sources  of  water  nor  yet  of  gathering  together  as  the  later 
people  did  in  places  which  could  easily  be  defended.  .  For  a  long 
period  before  the  advent  of  the  enemy,  which  finally  displaced  them, 
their  lives  were  free  and  comfortable  in  their  high  forest  hoinea. 
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How  or  why  they  vanished  ia  as  unknown  to  us  as  is  their  origin,  but 
perchance  we  shall  learn  the  stoiy  little  by  little.  It  will  not  be  a 
story  of  peace  and  monotony,  for  those  are  not  the  conditions  which 
prevail  when  a  race  comes  into  a  country,  nor  when  it  is  forced  out. 
We  can  scarcely  doubt  that  stiiring  times  took  place — raids,  plunder, 
repeated  invasions,  great  distress,  and  the  final  disappearance  of  one 
type  of  civilization  and  its  replacement  by  another.  And  this  painful 
process  of  a  change  of  civilization  took  place  not  once  alone,  but  at 
least  twice.  Formerly  the  cliff  dwellers  who  built  the  compact 
villages  like  Tuyoni  and  Pueblo  Alto  were  supposed  to  have  been  of 
the  same  race  as  the  modem  Pueblo  Indians,  but  now  we  know  tbftt 
this  is  not  true.  Possibly,  nay  probably,  the  modem  Puebl^j^ia 
related  to  the.second  or  village-building  type  of  ancient  inhabitants, 
whom  we  may  call  Fajaritans  in  distiactiou  from  the  stiU  older  type 
who  may,  perhaps,  be  classed  as  Hohokam,  but  the  relationship  is 
not  close.  The  bonee  of  the  dead,  exhimted  after  centuries,  tell 
something  of  the  tale.  The  modem  Pueblo  Indian  is  brachycephaUc, 
according  to  Dr.  Hrdlii^ka;  his  head  is  relatively  broad,  as  anyone 
can  tell  by  looking  at  him.  Some,  however,  are  dolicocephahc,  with 
long  heads,  but  these  are  in  a  minority.  The  present  Indians  are 
clearly  of  a  mixed  race.  Their  predecessors,  on  the  contrary,  weie 
of  a  pure  race,  predominantly  long-headed,  like  ourselves.  Therefore 
we  ii^er  that  they  were  conquered  by  invading  broadheads,  and  that 
finally  the  invading  broadheads  and  as  many  of  the  longheads  as 
had  neither  fied  nor  perished  became  amalgamated  into  a  single  race. 
Perhaps  the  ancient  farmers,  the  medieval  villagers,  and  the  modem 
Pueblo  Indians  were  not  the  only  races  which  have  passed  across 
the  stage  of  history  in  the  prehistoric  days  of  America.  In  other 
parts  of  the  Southwest  faint  glimmerings  are  seen  of  still  other  cul- 
tures, which  show  that  change  and  movement  have  been  as  charao- 
teristic  of  the  ancient  history  of  America  as  of  that  of  Europe  and 
Asia. 

The  dates  of  the  three  types  of  civilization  of  which  we  have  found 
evidence  can  not  well  be  deteimined.  Dr.  Hewett  beUeves  that  the 
traditions  of  the  Pueblos  may  be  rehed  upon  as  showing  that  it  ia  at 
least  800  years  since  the  villages  of  the  Tuyoni  type  were  occupied, 
but  he  attempts  to  assign  no  exact  dates.  One  point,  however,  may 
here  be  emphasized.  In  Asia,  as  I  have  shown  in  "The  Pulse  of 
Asia,"  and  more  fully  in  "Palestine  and  its  Transformation,"  we 
have  evidence  which  suggests  that  each  of  the  chief  dry  epochs  has 
been  characterized  by  great  movements  of  peoples.  The  first  such 
movement  whose  date  is  well  defined  was  about  1200  B.  C.  At  that 
time  the  ancestors  of  the  Greeks  came  into  their  panmsula,  the 
Hebrews  entered  Palestine,  the  Aramasans  from  Arabia  spread  out 
into  Babylonia  and  all  the  neighboring  lands,  and  Egypt  was  over- 
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whelmed  by  invaders  from  both  the  Libyan  and  Arabian  deeerte. 
The  next  great  period  of  aridity  culmijiated  in  the  seventh  century 
or  thereabouts.  Its  approach  was  marked  by  the  barbarian  invasions 
of  Europe,  and  its  culmination  by  the  lishammedau  outpourii^ 
from  Arabia.  Finally,  the  third  of  the  more  important  dry  epochs 
reached  its  climax  in  the  thirteenth  century  A.  D.,  when  the  hordes 
of  Ghenghis  Khan  ravaged  Asia  from  China  to  the  Mediterranean. 
Besides  these  more  intense  periods  of  aridity  there  seem  to  have  been 
others  of  minor  importance,  but  these  need  not  here  be  considered. 
The  history  of  Asia  during  the  last  3,000  years  thus  consists  of  three 
main  epochs  of  moist  climate  and  advancing  civilization,  separated 
by  epochs  of  aridity  and  declinii^  civilization  accompanied  by 
migrations  and  wars.  In  comparing  America  with  Asia  it  is  interest- 
ing to  find  that  in  the  drier  portions  of  the  Western  Hemisphere  we 
also  have  three  main  periods  of  prosperity  and  apparently  of  abundant 
precipitation  s^>arated  by  epochs  of  decline  and  depopulation. 
Perhaps  the  ancient  farming  population  of  America,  the  Hohokam, 
may  date  from  the  period  of  mo^t  climatic  conditions  at  the  time  of 
Christ  and  earlier.  Their  disappearance  may  have  been  due  to  the 
aridity  of  the  period  which  culminated  in  the  seventh  or  eighth  cen- 
tury. Then  the  village  people,  the  Pajaritans,  may  have  flourished 
in  the  Middle  Agee,  and  may  have  been  ousted  hythe  twofold  disaster 
of  prolonged  drought  and  fierce  invasion  which  would  have  come  to 
America  about  1200  A.  D.  If  conditions  here  were  like  those  of  Asia. 
And,  finally,  the  occupation  of  places  like  Gran  Quivira  by  the  modern 
Pueblo  Indians  may  have  been  made  possible  by  the  propitious  con- 
ditions of  relatively  abundant  rainfall  which  followed  the  aricUty  of 
the  thirteenth  century.  I  do  not  advance  this  as  more  than  a  working 
hypothesis,  but  as  such  it  may  suggest  various  lines  of  research 
hitherto  neglected. 

PABT  m.  THE  EVIDENCE  OF  THE  TREES. 

The  evidence  of  climatic  chaises  thus  far  presented  probably  seems 
much  more  conclusive  to  the  writer  than  to  the  reader.  I  am  well 
aware  that  when  the  name  of  an  author  once  becomes  identified  with 
a  theory  his  fellow  workers  are  apt  to  discount  his  results.  They 
know  that  a  man  is  prone  to  find  what  he  looks  for,  and  that  when 
certain  facts  are  capable  of  two  or  more  equally  plausible  explanations 
he  is  likely  to  choose  in  accordance  with  his  preconceived  ideas  rather 
than  according  to  the  weight  of  the  evidence.  In  searching  for  some 
meUiod  whereby  this  danger  might  be  avoided  I  found  no  success 
until  an  article  by  Prof.  A.  E.  Douglass,  of  the  University  of  Arizona, 
appeared  in  the  Monthly  Weather  Review  for  June,  1909,  under  the 
tiUe  "Weather  Cycles  in  the  Growth  of  Big  Trees." 
8BSeO'— ■M18J2 ZI 


.dbyGooglc 


406  ANNtTAI.  BEPOBT  SBtTTHSONIAN  INSTITUTIOK,  1912. 

Prof.  Douglass  there  shows  that  in  dry  r^ions  the  thiclmees  of  the 
rings  of  wood  formed  each  year  varies  so  closely  in  harmony  with 
climatic  conditionB  that  it  may  be  used  as  a  measure  of  the  climate  of 
tibe  past.  Taking  about  20  sections  of  trees  from  two  to  five  hundred 
years  of  age,  he  made  micrometer  readings  of  the  thickness  of  each 
individual  ring,  and  thus  obtained  the  average  growth  for  each  year. 
As  a  result  he  finds  that  the  curves  of  growIJi  and  of  rainfall  for  the 
40  years  or  so  since  records  are  available  present  a  marked  agreement. 
Majiifestly,  then,  the  curves  of  growth  may  be  iised  as  a  meana  of 
determining  the  rainfall  in  periods  loi^  antecedent  to  any  human 
records.  Douglass  has  so  used  them,  and  his  analysis  indicates 
cycles  of  precipitation  with  a  periodicity  of  H,  21.2,  and  32.8  years, 
a  result  which  agrees  with  the  cycles  indicated  by  records  of  riunfall. 
He  did  not  attempt  to  investigate  laiger  cycles,  nor  to  determine 
the  relation  of  the  climate  of  periods  separated  by  hundreds  of  years. 
Obviously  this  ia  possible,  and  it  needs  only  an  expansion  of  Douglass's 
method  and  a  study  of  the  sources  of  possible  error  to  enable  us  to 
come  to  definite  conclusions  as  to  the  nature  of  the  climate  at  any 
time  back  to  the  youth  of  the  oldest  available  trees. 

During  the  year  1911  I  began  to  make  use  of  the  method  of  Prof. 
Douglass  and  obtained  some  most  interesting  results.  In  the  first 
place,  Prof.  H.  S.  Graves,  Forester  of  the  United  States  Forest 
Service,  most  courteously  placed  at  my  disposal  several  thousand 
"stem  analyses,"  or  measurements  of  the  rings  of  trees  by  the  members 
of  his  bureau  in  various  ports  of  the  United  States.  In  the  second 
place,  I  went  to  California  on  behalf  of  the  Cam^ie  Institution,  and 
with  several  assistants  made  similar  analyses  of  451  of  the  "Big 
Trees  "  or  Seqiuna  washirigtoniana  of  the  Sierra  Nevadas. 
)*  Let  us  first  ascertain  what  may  be  learned  from  a  study  of  the 
trees  of  New  Mexico  which  grow  in  the  mountains  close  to  the  ruins 
which  we  have  hitherto  been  considering.  The  courtesies  of  the 
Forest  Service  have  included  not  only  the  placing  of  a  lai^e  number 
of  stump  analyses  in  my  hands  by  the  chief  of  the  bureau,  but  also 
some  most  helpful  compilations  by  other  members  of  the  service.  I 
am  especially  indebted  to  Mr.  A.  6.  Recknagel,  chief  of  silviculture 
at  Albuquerque,  N.  Mex.,  who  has  gathered  a  most  valuable  series 
of  statistics  for  the  yellow  pines  of  that  State,  and  has  most  gener- 
ously allowed  me  to  use  them.  His  data  are  based  on  645  trees  from 
four  of  the  United  States  forest  reserves,  scattered  in  such  a  way 
that  they  have  approxizgately  the  same  distribution  as  the  ruins 
with  which  we  have  been  dealing.  In  general,  however,  they  lie  at 
'eater  altitudes  than  the  ruins,  in  the  portion  of  the  yellow-pine 
ea  where  the  trees  grow  best  and  where  they  are  neither  at  the 
wer  limit  so  as  to  be  especially  liable  to  injury  by  drought  nor  at 
«  upper  limit  so  as  to  be  especially  liable  to  injury  fay  excessively 
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low  temperature  or  long  winters.  Moreover,  they  were  not  selected 
with  a  view  to  any  special  characteristic  other  than  age.  All  the 
available  analyses  of  trees  over  200  years  of  age  were  used,  and  to 
them  were  added  an  approximately  equal  number  of  younger  trees 
in  order  to  afford  fair  comparisons. 

From  Mr.  Recknagel's  figures  I  have  computed  how  fast  the  aver- 
age tree  grows  during  the  first,  second,  and  third  decade,  and  so  on 
to  the  end.  This  shows  that  the  average  tree  grows  0.46  inch  during 
the  first  decade  of  its  life,  0.63  during  the  third,  0.40  in  the  twelfth, 
and  only  0.23  in  the  thirtieth.    Obviously,  if  we  are  to  compare  the 
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cHmate  of  different  periods  during  the  life  of  the  tree,  we  must  elim- 
inate the  differences  due  merely  to  the  fact  that  the  tree  has  grown 
older.  Another  correction  must  also  be  apphed.  A  study  of  Mr. 
Eecknagel's  figures,  as  weU  as  of  many  others,  shows  clearly  that  if 
a  tree  is  to  live  to  old  age,  it  can  not  grow  fast  in  its  youth.  That  is, 
if  we  take  a  large  number  of  trees  so  as  to  obtain  averages,  the  tree 
which  grows  faster  than  the  normal  rate  in  its  youth  dies  at  lees 
than  the  average  ^e,  while  one  which  grows  abnormally  slowly 
stands  a  good  chance  of  Uving  to  an  exertional  age,  provided  the 
slow  growth  is  not  due  to  disease.    These  two  types  of  correction 
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are  purely  mathematical,  and  do  not  depend  upon  t^  indiTidual 
judgment  of  the  mvestigator.  While  he^is  working  out  the  calcula- 
tions he  can  not  have  any  idea  of  the  exact  results  which  will  be 
obtuned;  nor  can  he  make  the  results  fit  one  theory  rather  than 
another  except  by  willful  manipulation, 

Theaccompanyingdiagram,  figure  1  (p.  407), shows  the  results  of  Mr. 
Recknagel's  tree  analyses  when  computed  according  to  the  method 
here  described.  The  horizontal  lines  indicate  the  course  of  time 
from  1590  to  1910  A.  D.  The  height  of  the  curves  indicates  the 
relative  rate  of  growth  of  the  trees  at  any  particular  date.  Figure  1 
is  given  simply  as  an  example  to  show  the  effect  of  the  corrections. 
It  is  based  upon  the  50  oldest  trees,  which  began  growth  st  periods 
ranging  from  1460  to  1590  A.  D.  The  upper  dotted  line  incUcates 
the  actual  average  rate  of  growth  of  these  50  trees  without  any  cor- 
rection whatever.  The  lower  dash  line  is  the  same  curve  alter  the 
correction  for  age  has  been  appUed^that  is,,  after  allowance  has  been 
made  for  the  fact  that  young  trees  grow  faster  than  old.  The  solid 
line  shows  what  happens  to  the  curve  when  the  correction  for  lon- 
gevity is  added  to  that  for  age — that  is,  when  allowance  is  also  made 
for  the  fact  that  during  their  youth  trees  which  are  to  Hve  to  a  great 
age  r^ularly  grow  more  slowly  than  the  normal  rate- 
Turning  n(*w  to  the  interpretation  of  the  New  Mexican  curve,  we 
find  a  surprisingly  close  agreement  with  our  conclusions  based  on  the 
evidence  of  terraces^  archeology,  and  history.  Before  going  on  to 
discuss  the  matter  I  would  emphasize  the  fact  that  these  conclusions 
were  all  reached  before  the  trees  had  been  investigated.  They  have 
been  set  down  above  exactly  as  they  were  reached,  at  a  period  of 
from  15  to  5  months  before  any  examination  of  the  trees  was  made. 
The  importance  of  this  lies  in  the  fact  that  the  agreement  of  the 
mathematically  derived  tree  curves  with  the  conclusions  derived  from 
entirely  different  methods  furnishes  the  strongest  possible  confirma- 
tion at  the  accuracy  of  those  methods  as  employed  both  in  America, 
Asia,  and  southern  Europe.  From  the  ruins  of  Oran  Quivira,  it  will 
be  remembered,  we  concluded  that  at  the  time  of  the  Spanish  occu- 
pation of  New  Mexico  in  the  first  half  of  the  seventeenth  century 
climatic  conditions  were  distinctly  more  favorable  than  at  present. 
About  16S0  the  ruins  of  Qran  Quivira  seem  to  have  been  finally 
abandoned  at  the  time  of  the  Pueblo  rebellion.  During  the  succeed- 
ing century  conditions  appear  to  have  been  somewhat  better  than 
during  the  one  that  ended  in  1900,  as  appears  probable  from  the  ruins 
of  Buzani,  and  one  or  two  other  places  not  here  mentioned.  The 
curve  of  the  trees  points  to  exactly  the  same  oonclusioa.  One  reason 
why  the  Spaniards  were  able  to  establish  themselves  in  New  Mexico 
almost  wi^out  a  blow  may  have  been  that  from  1600  to  1645  t^ 
amount  of  rain  and  the  general  conditions  controlling  the  growth  of 
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vegetation  were  more  and  more  favorable.  Places  like  Gran  Quivira 
were  readily  habitable  and  were  growingly  prosperous  so  far  as  their 
prosperity  depended  upon  good  crops.  Under  such  circumstances 
the  ignorant  Pueblos  would  naturally  look  upon  the  coming  of  the 
Spaniards  as  a  blessing.  A  decrease  in  rainfall  begins  to  be  apparent 
about  1645,  but  it  is  unimportant  at  first  because  the  amount  of 
growth  of  the  trees,  and  impliedly  of  the  crops,  continues  to  be  well 
above  the  normal  until  about  166S.  Thereafter  a  rapid  deterioration 
takes  place,  which  culminates  about  1680  or  soon  after.  At  that 
very  time  a  widespread  uprising  took  place  against  the  Spaniards,  the 
Pueblo  rebellion,  which  ousted  the  Europeans  for  some  years.  Fam- 
ine must  have  prevailed  as  the  climate  became  drier,  and  the  distress 
occasioned  would  almost  surely  lead  the  Indians  to  ascribe  their  mis- 
fortunes to  their  conquerors.  Curiously  enough  a  document  has  just 
come  to  light  which  confirms  our  conclusion  as  to  famine.  I  am 
indebted  to  Mr,  E.  E.  Free,  of  the  Bureau  of  Soils  of  the  United  States 
Department  of  Agriculture,  for  calling  my  attention  to  an  account  of 
an  old  census  given  by  Mr.  J.  W.  Curd,  in  the  El  Paso  Times.  El 
Paso,  although  in  Texas,  lies  almost  at  the  middle  of  the  southern 
boundary  of  New  Mexico.  The  census  is  dated  September  11,  1684, 
and  contains  a  Hat  of  109  Spanish  familifia  living  near  EI  Paso.  It  is 
signed  by  the  Spanish  governor.  "While  the  document  is  nothing 
more  than  a  dry  and  uninteresting  census  roll,"  to  quote  Mr.  Curd, 
"it  is  illuminative  of  the  terrible  devastation  and  suffering  that  re- 
sulted from  the  Indian  revolt  in  1680.  This  revolt  destroyed  some  42 
presidios  and  mjssions  in  New  Mexico  north  of  E!  Paso,  and  the  rem- 
nant of  Spaniards  and  friendly  Indians  took  refuge  in  Guadalupe  del 
Passo  (El  Paso).  While  the  Mission  Guadalupe  was  a  rich  one,  and 
additional  supphea  were  forwarded  from  Mexico  City,  the  people  still 
suffered  from  lack  of  clothing  and  food.  The  census  shows  that  what 
crops  were  planted  that  year  consisted  only  of  maize,  which,  owing  to 
drought,  was  an  almost  total  failure.  What  maize  was  grown  was 
eaten  green,  so  there  was  no  supply  for  winter."  It  is  not  here  pos- 
sible to  carry  the  matter  further.  The  curve  speaks  for  itself.  After 
1680  conditions  appear  to  have  improved;  the  eighteenth  century  was 
a  period  of  less  rainfall  than  during  the  time  of  the  early  Spanish 
occupation,  but  of  more  than  the  last  century. 

The  Sequoia  waahingtoniana  of  California  is  the  largest  and  proba- 
bly the  oldest  known  tree.  During  the  summer  of  191 1  I  was  able  to 
make  measurements  of  200  stumps,  which  ranged  from  6  to  25  feet  in 
diameter,  and  from  250  to  3,150  years  in  age.  Three  were  over  3,000 
years  old,  and  40  began  to  grow  2,000  or  more  years  ago.  During 
1912, 251  more  were  measured,  39  being  over  3,000  years  of  age.  The 
result  of  the  tabulation  and  calculation  of  these  451  trees  ia  shown 
in  £gure  2  in  this  article.    The  sequoia  grows  in  a  region  which  is 
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climatically  similar  to  New  Mexico,  except  that  it  is  colder  and  has  no 
rainy  season  in  summer.  Long,  snowy  winters  and  rains  continuing 
well  into  the  dry  summer  are  the  conditions  which  favor  growth. 
The  curve  of  the  sequoia  has  been  computed  in  the  same  way  as  that 
of  the  other  trees.  The  period  covered  by  the  growth  of  the  trees, 
however,  is  so  great  that  the  number  of  trees  whose  analyses  are  now 
available  is  not  enough  to  give  certainty  to  the  corrections.  Accord- 
ingly, after  obtaining  a  curve  coirected  as  accurately  as  possible  both 
for  age  and  longevity,  I  have  tilted  the  whole  line  slightly  in  order 
to  make  the  relative  height  at  three  or  four  &ced  points  correspond 
as  nearly  as  may  be  with  the  height  of  the  Caspian  Sea  at  the  same 
dates.  This,  however,  has  no  effect  upon  the  sinuosities  of  the  curve, 
but  merely  upon  the  exact  amount  by  which  the  earUer  parts  are 
higher  than  the  later.  Before  we  proceed  to  discuss  the  curve  a  word 
or  two  of  explanation  may  be  added.  The  horizontal  lines  indicate 
the  growth  in  millimeters  per  decade.  The  extreme  fluctuations  of 
the  early  part  of  the  curve  give  an  ex^gerated  idea  of  the  variability 
of  the  climate  at  that  time.  This  is  due  to  the  small  number  of  Ireee 
available.  When  more  have  been  measured  the  extremely  sharp  cYiax- 
acter  of  the  depressions  and  hollows,  or  of  the  arses  and  theses,  as  I 
have  elsewhere  called  them,  wHl  disappear. 

Examination  of  the  curve  shows  that  the  climate  of  the  interior  of 
Cahfomia  has  been  subject  to  marked  pulsations  during  the  past 
8,000  years.  For  instance,  at  the  time  of  Christ  the  ttae  grew  30 
per  cent  faster  than  at  the  end  of  the  fifteenth  century.  Practically 
all  the  trees  at  the  latter  date  were  of  large  size  with  thoroughly 
developed  root  systems,  and  with  a  vast  supply  of  strength  stored  up 
from  the  past.  Moreover,  they  were  growing  high  among  the  moun- 
tains where  the  supply  of  rain  and  anow  was  lai^est,  and  many  of 
them  were  standing  in  swamps  or  beside  brooks.  If  they  could  be  so 
affected  by  drought  as  to  show  a  decrease  of  30  per  cent  in  the  amount 
of  growth,  other  less  favored  plants  must  have  suffered  much  worse. 
It  is  noticeable  that  in  general  the  trees  recover  rapidly  after  a  period 
of  aridity  and  then  fall  off  more  slowly  as  another  dry  time  approacfaea. 
This  is  important  as  an  indication  that  climatic  changes  from  dry  to 
moist  take  place  rapidly,  while  those  la  the  reverse  direction  are  slow- 
It  bears  also  on  another  point.  It  may  be  suggested  that  the  inequali- 
ties in  the  curve  are  due  to  accidents  such  as  fires.  In  the  first  place, 
this  La  not  probable,  since  the  451  trees  were  located  in  four  different 
areas  with  a  distance  of  60  miles  between  the  extremes  and  with  hi^ 
mountains  and  deep  valleys  intervening.  The  rapid  rise  end  gradual 
fall  of  the  curves,  however,  disproves  any  sudi  supposition.  An  acci- 
dent, such  as  a  fire  or  anything  else,  would  suddenly  cause  the  trees  to 
grow  slowly,  after  which  they  would  gradually  recover,  whereas  ibm 
actual  case  is  the  reveise  of  this. 


=;,t,:cc  ..Google 


OLIUATE  OF  NOBTH  AMERICA — HUNTINGTON.  411 

In  figure  2  I  have  added  a  dotted 
Une.  This  is  the  approximate  curve 
of  dimatio  pulsations  in  Asia  as  given 
in  "Paleetine  and  its  Transforma- 
tion." The  two  curves  disagree  in 
certain  places,  but  on  the  whole  they 
are  in  harmony.  The  disagreements 
may  be  due  to  the  absence  of  data  in 
compiling  the  Asiatic  curve;  for  in- 
stance, between  1200  and  1000  B.  C. 
I  had  no  data  whatever,  and  hence 
merelydrewastraightline.  Inother 
oases  the  fact  that  indications  of  arid- 
ity happened  to  be  especially  well  pre- 
sored  at  a  certain  time,  such  as  the 
seventh  century  of  our  era,  may  have 
caused  me  to  carry  the  Asiatic  curve 
lower  than  was  justifiable.  It  should 
be  noted,  however,  that  in  the  fully 
corrected  sequoia  curve  the  lowest 
point  of  all  in  the  seventh  century 
A.  D.  falls  al  the  same  time  as  the 
lowest  point  in  the  Aaatic  curve,  a 
significant  agreement.  Moreover, 
thelongest  almost  continuous  decline 
anywhere  apparent  in  the  California 
curve  is  from  the  time  of  Christ  to  the 
middle  of  the  seventh  century.  The 
greatest  disagreement  between  the 
two  curves  is  found  about  300  A.  D. 
Whether  there  actually  was  disagree- 
ment at  that  time,  or  whether  I  have 
made  a  mistake  in  the  Asiatic  curve, 
I  shall  not  here  attempt  to  discuss. 
In  general  it  may  be  said  that  the 
three  noticeable  depressions  in  the 
Asiatic  curve,  namdy,  300,  650,  and 
1200  A.  D.,  are  possibly  all  exagger- 
ated because  special  events  due  ap- 
parently to  increasing  aridity  hap- 
pened to  culminate  at  those  particu- 
lar epochs. 

In  spite  of  certain  distinct  disa- 
greements, the  most  noticeable  fact  -- 
.bout  the  curves  b    their   agree-     ''^iJinr'SZSu°'S;'S;,'t; 
mant.    Take  the  epoch  centering       cbmiuatciimstainAsiaCdattodUM}. 
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at  the  time  of  Christ,  for  example,  or  those  which  center  1000  or 
1600  A.  D.  The  agreement  is  so  close  that  it  can  scarcely  be  a 
matter  of  chance.  Further  discussion  of  the  subject  must  be  deferred 
for  the  present.  We  can  here  merely  sum  up  ^e  main  Gouclusi<»u. 
The  study  of  the  trees  of  New  Mexico  and  California  in  the  first  place 
seems  to  confirm  the  conclusions  derived  from  the  ruins  and  phym.- 
ographic  evidences  found  in  the  drier  parts  of  North  America. 
It  thus  shows  that  the  methods  upon  which  those  condumons  are 
based  are  sound,  and  that  the  results  derived  from  such  methods 
whether  in  America  or  Asia  are  vaHd.  In  the  second  place,  the  trees 
confirm  the  theory  of  pulsatory  climatic  changes.  They  apparently 
show  that  the  cUmate  of  the  eartJn  is  subject  to  pulsations  having  a 
period  of  centuries.  In  the  third  place,  the  rate  of  growth  of  the  trees 
indicates  that  in  the  distant  historic  past  the  moist  epochs  were  on 
the  whole  moister  than  the  similar  epochs  in  more  recent  times. 
Fourth  and  last,  we  are  led  to  conclude  that  the  main  climatic 
changes  of  America  are  synchronous  with  those  of  Am  and  are  of 
the  same  kind.  This  does  not  mean  that  changes  in  tropical  countries 
are  hke  those  in  the  Temperate  Zone.  It  does  indicate,  however, 
that  in  the  temperate  continental  re^ons  of  the  world,  in  both  the 
eastern  and  western  hemispheres,  puiods  of  exceptional  aridity 
or  of  exceptional  moisture  have  occurred  at  approximately  tha 
same  time,  and  have  sometimes  lasted  for  centuries.  Hitherto  this 
poijit  has  been  open  to  question,  and  therefore  historians  and  other 
students  of  man  have  been  skeptical  as  to  the  possibihty  that  climatic 
changes  could  have  been  of  sufficient  importance  profoundly  to 
influence  history.  With  the  fuller  triplication  of  the  methods  here 
discussed,  we  shall  soon  be  able  to  determine  the  exact  nature  and 
degree  of  climatic  changes  throu^out  historic  time,  and  then  we 
shall  have  the  basis  for  a  true  appredation  of  their  effect  upon  history. 
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The  Nobel  prize  in  m«dicuie  for  1912  has  just  been  awarded  to 
Dr.  Alexis  Carrel,  a  Frenchman,  of  Lyon,  now  employed  at  the 
Rockefeller  Institute  of  New  York,  for  his  entire  work  relating  to 
the  auture  of  vessels  and  the  transplantation  of  organs. 

The  remarkable  results  obtained  in  these  fields  by  various  experi- 
menters, of  whom  Carrel  is  most  widely  known,  and  ^so  the  wonderful 
applications  made  of  them  by  certain  sui^eons  have  already  been 
published  in  La  Nature  (No.  1966,  Jan.  28,  1911). 

We  will  not  repeat  what  has  been  said  concerning  these  researches, 
but  we  will  take  the  occasion  of  the  awarding  of  the  Nobel  prize  to 
mention  other  biological  studies  in  which  Dr.  Carrel  has  been 
engaged. 

The  journals  have  frequently  spoken  lately  of  "cultures"  of 
tissues  detached  from  the  oi;ganism  to  which  they  belonged;  and 
some  of  them,  exaggerating  the  results  already  obtained,  have 
stated  that  it  is  now  possible  to  make  Uving  tissues  grow  and  increase 
when  so  detadied. 

Having  given  these  subjects  much  study  I  wish  to  state  here 
what  has  already  been  done  and  what  we  may  hope  to  accomplish. 

As  a  matter  of  fact  we  do  not  yet  know  how  to  construct  living 
cells;  the  forms  obtained  with  mineral  substances  by  Errera,  Ste- 
phane  Leduc,  and  others,  have  only  a  remote  resemblance  to  those 
of  life;  neither  do  we  know  how  to  prevent  death;  but  yet  it  is' 
interesting  to  know  that  it  is  possible  to  prolong  for  some  time  the 
life  of  organs,  tissues,  and  cells  after  they  have  been  removed  from 
the  oi^aoism. 

The  idea  of  preserving  the  life  of  greater  or  lesser  parts  of  an 
organism  occurred  at  about  the  same  time  to  a  number  of  persons. 


m  b«m  L«  NMDie,  Pull,  No.  loss,  Nm.  a,  uia. 


ioogic 


414  ANNUAL  REPOBT  SMITHSONIAN  INSTITUTION,  1912. 

and  though  the  ends  in  view  have  been  quite  different  the  inveflti- 
gations  have  led  to  essentially  similar  results.    The  sui^ons,  who 
for  a  long  time  have  transplanted  various  oi^ans  and  grafted  different 
tissues,  bits  of  skin  among  others,  have  sought  to  prolong  the  period 
during  which  the  grafts  may  be  preserved  alive  from  the  time  they 
are  taken  from  the  parent  individual  until  they  are  implanted  either 
upon   the  same   subject  or  upon 
another.     The  physiologists   have 
attempted  to  isolate  certain  organs 
and  preserve  them  alive  for  some 
time  in  order  to  simplify  their  ex- 
periments by  suppressing  the  com- 
plex action  of  the  nervous  system 
and  of  glands  which  often  render 
difficult  a  proper  interpretation  of 
the  experiments.     The  cytologists 
have  tried  to  preserve  cells  alive 
outside  the  organism  in  more  sim- 
ple  and  well   defined    conditions. 
These  various  efforts  have  already 
given,  as  we  shall  see,  very  excel- 
lent results  both  as  regards  the  the- 
oretical knowledge  of  vital  phenom- 
ena and  for  the  practice  of  surgery. 
It  has  been  possible  to  pr^erve 
for  more  or  less  time  many  organs 
in  a  living  condition  when  detached 
from  the  organism.    The  organ  first 
tried  and  which  has  been  most  fre- 
quently   and    completely    investi- 
gated is  the  heart.    This  is  because 
of  its  resistance  to  any  arrest  of  the 
■circulation  and  also  because  its  sur- 
»j.i.-ThBipp.ratiuofKroMc*«tatiitMaaT  ^^^j  jg  easily  shown  by  its  contrao- 

ol  the  heart  oltholroj  when  remored  from  Ui8      .  •'  •' 

■dIdibi.  b,  c.  Tubes  contatnUiE  deflbrinaiad  tihty.    In  man  the  heart  has  been 
■"^^  ^•^V°L^J'^^t^'J^'  seen  to  beat  spontaneously  and  com- 

r,  onp  contalnmg  Uia  Isolaud  heart  Oied  upon  f^  •  i        i   i 

thtendoiatwQ-wBjcanuiBiiit.cockupansn  pletely  25  mmutes  af tcT  a  legal  de- 
oT«fl<^  tabe  comimmiaMMc  vrfth  .  Boat  ma.  capitfltiou  (Rcnard  and  Loye,  1887), 
and  by  massage  of  the  oi^an  its  beat- 
ing may  be  restored  after  it  has  been  arrested  for  40  minutes  (Rehn, 
1909).  The  heart  of  the  dog  has  been  known  to  beat  96  hours  after 
death,  that  of  the  tortoise  for  S  days,  and  Burrows  (1911)  observed 
the  heart  of  an  embryo  chick  to  beat  for  3  days  after  its  removal. 

By  irrigation  of  the  heart  and  especially  of  its  coronary  veseela 
the  period  of  survival  may  be  much  prolonged. 
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The  first  ezperimenta  with  artificial  circulation  in  the  isolated 
heart  were  made  in  Ludwig'a  laboratory  and  were  improved  by 
Kroaecker  (fig.  1),  but  they  were  limited  to  the  frog  and  the  inferior 
Tertebrates.  The  observation  made  by  Amaud  (1891)  of  the  heart 
of  the  rabbit,  that  of  Hedon  and  Oilis  (1S92)  on  the  heart  of  a 
criminal  showed  that  that  oi^an  recommences  to  beat  when  defibri- 
nated  blood  is  injected  under  pressure  into  the  coronary  arteries, 
and  this  led  Ijangendorff  (1895)  to  effect  the  survival  of  the  heart 
of  mammals  by  means  of  artificial  coronaiy  circulation.  Locke 
(1901)  substituted  for  defibrinated  blood  an  artificial  serum  without 
globules.    Since  then  experiments  on  the  survival  of  the  heart 


Fu.  3.— Ths  ^ipuatug  of  Pachon  for  Ibe  study  at  ths  survival  of  the  iaolated  heart 
TOb'  of  oxygen  undsr  pnanini  B,  vater  bath  iBSurlug  a  comlanc  lemperBture;  R,  A.S.i^ul&tonof 
the  tampenturc:T,U,Ui«niwmMa-Bnd  manoDieter  tor  the  >«rum  at  Ila  eiitraiii:e  lato  the  Imlated 
heart  C;  at  the  leK  a  cyliadar  lor  reglstarlug  the  coulrKtlaiis  of  the  heart. 

have  multiplied  and  become  classic.  Artificial  circulation  has  kept 
the  heart  of  man  contracting  notmaUy  for  20  hours  (Kuliabko, 
1902),  that  of  the  monkey  for  54  hours  (Hering,  1903),  that  of  the 
rabbit  for  5  days  (Euliabko,  1902),  etc.  It  has  also  enabled  ua  to 
study  the  influence  upon  the  heart  of  physical  factors,  such  as  tem- 
perature, isotonia;  chemical  factors,  such  as  various  salts  and  the 
different  ions;  and  even  complex  pharmaceutical  products.  Kuli- 
abko  (1902)  was  even  able  to  note  contractions  in  the  heart  of  a 
rabbit  that  had  been  kept  in  cold  storage  for  IS  hours,  and  in  the 
heart  of  a  cat  similarly  kept  after  24  hours. 

The  other  muscular  organs  have  naturally  been  investigated  in 
a  manner  analogous  to  that  which  has  been  used  for  ihe  heart; 
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and  for  the  a&me  reason,  because  it  can  be  readily  seen  whether  or 
not  they  are  alive. 

The  striated  muscles  survive  for  quite  a  long  time  after  remoTal, 
eepetnally  if  they  are  preserved  at  the  temperature  of  the  body 
and  care  ia  taken  to  prevent  their  drying.  By  this  metJiod  many 
investigations  have  been  made  of  muscular  contractions  in  isolated 
muscles.  Landois  has  noted  that  the  muscles  of  man  may  be  made 
to  contract  two  hours  and  a  half  after  removal,  those  c^  the  frog 
and  the  tortoise  10  days  after.  Recently  Burrovs  (1911)  has  noted 
a  slight  increase  in  the  myotomes  of  the  embryo  chick  after  they 
have  been  kept  for  2  to  6  days  in  coagulated  plasma. 

The  organs  supplied  with  smooth  muscular  fibers  also  survive, 
at  least  so  far  as  regards  their  muscular  coat;  the  small  intestine 
shows  peristaltic  movements  a  long  time  after  the  death  of  the  ani- 
mal; Cobnheim,  M^nus  (1904),  and  others  have  prolonged'tJUe  diu-o- 
tion  of  this  action  by  bathing  the  intestine  in  defibrinated  blood. 
Recently,  Camot  and  Glenard  (1912)  have  studied  digestion  and  the 
action  of  ptu^atives  in  the  isolated  small  intestine;  Hedon  and  Fleig 
have  succeeded  in  obtaining  contractions  of  the  intestine  7  days  after 
havii^  placed  it  in  cold  storage.  The  stomach,  preserved  by  Hof- 
meister  and  Schutz  at  a  temperature  of  37°  C,  in  a  moist  duunberi 
showed  regular  periodic  movements  proceeding  from  the  cardia  to 
the  pylorus.  The  large  intestine,  including  the  rectum,  exhibited, 
according  to  Hedon  and  Fteig  (1904),  spontaneous  rhythmic  con- 
tractions after  removal.  Fleig  (1910)  was  able  to  excite  electrically 
the  cesophagus  of  the  rabbit  after  it  had  been  kept  in  cold  storage  for 
12  days,  the  pharynx  and  (esophagus  of  the  frog  after  17  days. 

The  ureter  seems  to  be  quite  as  resistant.  Miss  Stem  (1903)  noted 
its  contractions  in  a  solution  of  chloride  of  sodium;  Hedon  and  Fleig 
(1904)  in  an  artificial  serum. 

The  uterus  shows  similar  properties  (Hedon  and  Fleig,  1904). 
Kurdinowski  (1904)  was  able  to  preserve  the  life  of  that  organ  when 
detached  from  the  body  for  49  hours  and  40  minutes,  and  succeeded 
twice  in  studying  the  mechanism  of  labor  in  it  when  isolated. 

Nomnuscular  organs  may  also  survive  a  removal  from  the  parent 
organism,  but  the  proofs  of  their  survival  are  more  difficult  to  estab- 
lish because  of  the  absence  of  movements.  Carrel  (1906)  grafted 
fragments  of  vessels  that  had  been  in  cold  storage  for  several  days 
upon  the  course  of  a  vessel  of  a  living  animal  of  the  same  species;  in 
1907  he  grafted  upon  the  abdominal  aorta  of  a  oat  a  s^mont  of  the 
jugular  vein  of  a  dog  removed  7  days  previously,  also  a  segment  of  the 
carotid  of  a  dog  removed  20  days  before;  the  drculation  was  reestab- 
lished normally;  these  experiments  have,  however,  been  criticized 
by  Fldg,  who  thinks  that  the  grafted  fragments  were  dead  and 
served  merely  as  supports  and  directois  for  the  regeneration  of  the 
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Teasels  upon  which  they  were  set.  In  1909  Carrel  remaved  tlie  left 
kidney  from  a  bitch,  kept  it  out  of  the  body  for  50  minutes,  and  then 
replaced  it;  the  extirpation  of  the  other  kidney  did  not  cause  the 
death  of  the  animal,  wliich  remained  for  more  than  a  year  normal  and 
in  good  health,  thus  proving  the  success  of  the  graft.  In  1910  Caird 
succeeded  with  similar  experiments  on  the  spleen. 

These  last  examples  are  quite  too  few  to  enable  us  to  arrtro  at  a 
positive  conclusion.  Scattered  as  they  are,  not  yet  repeated  and 
checked  by  all  the  technical  methods  at  our  disposal,  they  furnish 
only  an  indication  of  the  possibility  of  the  survival  of  oi^ans  as 
delicate  as  the  spleen  and  kidneys  for  some  time  after  removal  from 
the  body. 

Even  the  nervous  e^tem  is  not  exempt  from  preservation  outside 
of  the  oi^anism.  As  early  as  1SS5  Laborde  showed  that  in  a  human 
head  severed  from  the  body  artificial  circulation  commenced  20 
minutes  after  the  execution  produced  no  movement,  yet  the  co^bral 
cortex  remainedexcitableby  electricity  for  50  minutes;  in  the  case  of 
another  criminal  cerebral  excitability  was  preserved  for  30  minutes 
without  tran^usion.  In  the  dog,  Loye.  observed  the  excitability  to 
persist  for  7  minutes;  Brown<S6quard  (1S5S)  saw  after  10  minutes 
spontaneous  movements  of  the  eyes  and  the  face;  Guthrie,  Pike,  and 
Stewart  (1906)  with  artificial  circulation  observed  reflex  movements 
for  19  minutes,  the  corneal  reflex  for  27  minutes,  respiratory  move- 
ments for  half  an  hour.  In  fishes  Kuliabko  preserved  for  several 
hours  the  activity  of  the  nerve  centers  by  circulating  an  artificial 
serum  through  the  head;  he  observed  that  the  centers  of  the  cerebral 
cortex  lose  their  excitability  more  quickly  than  those  of  the  spinal 
cord;  in  the  latter  the  respiratory  center  and  that  for  the  regulation 
of  the  heart  show  different  d^rees  of  vitality. 

In  frogs  it  has  been  known '  since  the  time  of  Galvani  (1781)  that 
the  hind  legs  of  a  skinned  frog,  connected  by  means  of  the  sciatic 
nerves  abne  to  a  segment  of  the  spinal  cord,  remained  exdteble  for 
some  hours.  This  very  important  experiment  has  been  repeated 
many  times  and  has  led  to  very  significant  results:  The  discoveiy  of 
the  electro-motor  property  of  muscular  tissue  and  electric  variatitm 
during  its  contraction  (Matteucci,  Du  Bois-K^mond,  1837-1843). 
After  that,  Tyschetzky  (1870),  Biedermann  (1888),  Oad  (1884), 
Uschinsky  (1885)  preserved  for  some  time  the  spinal  cords  of  frogs 
mUrdy  removed  from  the  body,  in  order  to  study  in  them  the 
effects  of  electric  currents.  Finally,  quite  recent^  (1007-1911), 
Baglioni  and  his  assistants  have  succeeded  in  isolating  the  entire 
cerebro-epinal  axis  of  the  toad  (fig.  3,  pi.  1)  and  preserving  it  alive 
for  31  hours  and  35  minutes  in  artificial  serum. 

>  Swtnunatdam  bid  ainad;  In  tha  (evaiilMnth  century  laolatad  &  Inig'a  loot  with  Us  kttMibsd  (dalto 
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Taken  altogeUier  these  experiments  show  ihat  the  greater  part, 
if  not  all,  of  the  bodily  oi^ans  are  able  to  survive  for  more  or  less 
time  after  removal  from  the  organiBm  when  favorable  conditions 
are  furnished.  There  is  no  doubt  but  what  the  observed  times  of 
survival  may  be  considerably  prolonged  when  we  have  a  better 
knowledge  of  the  serums  that  are  most  favorable  and  the  physical 
and  chemical  conditions  that  are  most  advantageous. 

If  we  can  preserve  the  organs,  we  may  expect  to  also  keep  sUve 
the  tissues  and  cells  of  which  they  are  composed.  Biologists  have 
studied  these  problems,  too,  and  have  also  obtained  in  this  depart- 
ment some  very  interesting  results. 

The  cells  which  hve  naturally  isolated  in  the  organism,  such  as 
the  corpuscles  of  the  blood  and  spermatozoa,  were  the  hist  studied. 
The  red  corpuscles  of  the  blood  of  the  triton  have  been  preserved  aJive 
in  tubes  for  8,  10,  12,  and  even  15  days  and  have  multiplied  by 
division  (Jolly,  1903);  the  red  corpusdes  of  the  rabbit  preserved  for 
12  days  in  cold  storage  (Fleig,  1910),  then  injected  into  the  same 
uiimal  or  into  an  animal  of  the  same  species,  produced  in  the  urine 
no  manifestation  of  globular  destruction,  which  Fleig  considers  as  a 
proof  that  the  corpuscles  were  living.  The  white  corpuscles,  whose 
vitality  is  clearly  shown  by  their  amoeboid  movemraits,  have  been 
preserved  in  vitro  for  12  days  (Cardile),  21  days  (Recklinghausen), 
25  days  (Kanvier,  1S95);  those  of  the  triton  are  still  capable  of 
movement  after  4i  months  of  cold  storage  and  those  of  the  frog  aft«r 
1  year  (Jolly,  1910)  (fe.  4,  pL  1). 

Human  spermatozoa  have  been  observed  by  Fleig  (1909)  to  be 
actively  motile  in  semen  after  being  preserved  for  two  or  three  days 
at  a  temperature  of  15^.  Semen  kept  in  cold  storage  for  eight  days 
and  then  rewarmed  has  also  shown  motile  spermatozoa.  YwanoS 
(1907)  was  able  to  preserve  in  a  suitable  medium  the  Epermatozoa  of 
a  bull  at  a  temperature  of  2",  with  active  movements  for  12  days,  and 
at  the  end  of  24  hours  obtained  artificial  fecundations. 

The  oiganized  tissues  have  likewise  been  the  object  of  numerous 
experiments.  The  ciliated  epithehum  of  the  larynx,  trachea,  and 
bronchi  of  mammals  still  vibrates  24  hours  after  death;  (3rawitz  (1897) 
observed  cdliary  movements  in  the  nasal  epithelium  of  man  9  days 
after  its  removal  during  a  surreal  operation.  Wentcher  (1S94)  was 
able  to  successfully  graft  a  fragment  of  human  skin  fiO  hours  after 
its  removal.  Ljungren  (1898)  succeeded  in  doing  the  same  after  it 
had  survived  for  a  month.  Grawitz  (1897)  was  able  to  graft  a 
fragment  of  the  cornea  of  a  rabbit  removed  12  days  previously. 
Fruss  (1900)  kept  a  fragment  of  cartilage  alive  for  30  days. 

Since  1010  experiments  on  the  survival  of  tissues  have  multiplied 
and  at  the  same  time  more  knowledge  has  been  obtained  concerning 
the  conditions  most  favorable  to  survival  and  the  microBcopical 
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appearances  of  the  tissues  so  preserved.  In  1910  Harrison,  having 
placed  fragments  of  an  embryo  frog  in  a  drop  of  coagulated  lymph 
taken  from  an  adult,  saw  them  continue  their  development  for  sev- 
eral weeks,  the  muscles  and  the  epithehum  differentiating,  the  nervous 
nidimente  sending  oat  into  the  lymph  filaments  similar  to  nerve 
fibers  (fig.  5,  pis.  2,  3).  Since  1910,  with  the  old  of  Dr.  Minot,  I  have 
succeeded  in  preserving  alive  the  nerve  cells  of  the  spinal  ganglia  of 
adult  dogs  and  rabbits  by  placing  them  in  defibrinated  blood  of  the 
same  animal,  through  which  there  bubbled  a  current  of  oxygen. 
At  zero  and  perhaps  better  at  15''-20'',  the  structure  of  the  cells  and 
their  colorable  substance  is  preserved  without  notable  change  for 
at  least  four  days;  moreover,  when  the  temperature  is  raised  again 
to  39°,  certain  of  the  cells  give  a  proof  of  their  survival  by  forming 
new  prolongations,  often  of  a  monstrous  character.  At  39°  some 
of  the  ganglion  cells  which  have  been  preserved  rapidly  lose  their 
colorabihty  and  then  their  structure  breaks  up,  but  a  certain  number 
of  the  others  form  numerous  outgrowths  extremely  varied  in  appear- 
ance. Wo  have  besides  studied  the  influence  of  isotony,  of  agita- 
tion, and  of  oxygraiation,  and  these  experiments  have  enabled  me  to 
ascertain  the  best  ph^isical  conditions  required  for  the  survival 
of  nervous  tissue.  In  1910,  Buitows,  employing  the  technique  of 
Harrison,  obtained  results  similar  to  his  with  fragments  of  embryonic 
chickens.  Since  1910  Carrel  and  Burrows  applied  the  same  method 
to  what  they  call  the  "culture"  of  the  tissues  of  the  adult  dog  and 
rabbit;  they  have  thus  preserved  and  even  multiplied  cells  of  car- 
tilage, of  the  thyroid,  the  kidney,  the  bone  marrow,  the  spleen,  of 
cancer,  etc.  Perhaps  Carrel  and  his  collaborators  may  be  criticized 
for  calling  "culture"  that  which  is  merely  a  survival  and  for  not 
having  always  distinguished  between  the  phenomena  of  d^eneration 
and  those  of  real  survival,  but  there  still  remains  in  their  work  a 
great  element  of  real  interest. 

In  conclusion,  I  will  cite  a  beautiful  series  of  experiments,  conducted 
by  M^tot  in  1911,  which  give  a  good  idea  of  what  practical  results 
may  be  expected  to  follow  from  these  researches.  Magitot  preserved 
for  14  and  even  25  days  fragments  of  the  cornea  of  the  rabbit  sjid  was 
able  after  that  to  successfully  graft  them  upon  the  eye  of  another 
animal.  Soon  after  he  applied  these  results  to  man;  after  an  enuclea- 
tion of  the  eyeball  he  removed  the  eye  and  preserved  it  in  serum; 
seven  days  afterwards  another  man  having  presented  himself  whose 
cornea  had  been  injured  and  rendered  opaque  by  a  jet  of  quicklime, 
Magitot  cut  an  aperture  in  Ins  cornea  and  grafted  there  a  fragment 
of  the  cornea  which  he  hod  preserved,  and  the  graft  succeeded  per- 
fectly, the  man  having,  after  some  time,  sufficient  vision  to  be  able 
to  go  about. 
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Sach  are,  too  briefly  sunmtarizod,  the  experiments  wbich  have  been 
made  up  to  tlie  present  time.  We  can  readily  imagine  tJie  practical 
conseqaences  which  we  may  very  shortly  hope  to  derive  from  them, 
and  tlie  wonderful  applications  of  them  which  will  follow  in  the 
domain  of  sturgery .  Without  going  bo  far  as  the  dream  of  Dr.  Moreau 
depicted  by  Wells,  eince  grafts  do  not  succeed  between  animals  of 
different  epeciee,  we  may  hope  that  soon,  in  many  cases,  the  replac- 
ing of  oif^ans  will  be  no  longer  impossible,  but  even  easy,  thanks  to 
methods  of  conservation  and  survival  which  will  enable  us  to  h&Te 
always  at  hand  materiab  for  exchange. 

The  dream  of  to-d&y  may  be  reality  to-morrow. 

There  are  also  oiiux  consequences  which  will  follow  from  fheee 
researches.  I  hope  that  th^  will  permit  us  to  study  the  physical 
and  diemicsl  factors  of  life  under  much  simpler  conditions  than 
heretofore,  and  it  is  toward  this  end  lihat  I  am  directing  my 
researches.  They  will  enable  us  to  approach  much  nearer  the  solu- 
tion of  the  old  insoluble  problem  of  life  and  death.  What  indeed  is 
the  death  of  an  organism  aB  of  whose  parts  may  yet  survive  for 
some  timel 

These,  then^  are  the  researches  made  in  this  domun.  fecund  from 
every  point  of  view,  and  the  great  increase  in  the  number  of  experts 
who  are  taking  them  up,  while  it  is  a  proof  of  their  interest,  ^ves  hope 
for  their  rapid  progress. 
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FiQ.  3.— Entire  Cerebro-Spinal  Axis  of  the  Toad, 
Isolated  and  Kept  Auve  for  31  Hours  35  Min- 
utes.   (Baqlioni,  1909.) 
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Fio.  4.— Amoeboid  Movements  OF  a  White  Blood 
Corpuscle  of  a  Fhoo  After  beino  kept  Alive 
FOR  10  Months.    (Jolly,  1910.) 
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Fra.  6.— PERiPHEnic  Part  of  a  Spimal  Ganglion  of  an  Adult  Doo.  Kept  Alive  Fon 
27H0URSJ  THE  Nerve  Cells  have  grown  up  Manv  New  Extensions.  (Legendre 

AND  MiNOT,  1911.) 
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Fio.  8.— Fragment  of  the  Nervous  System  of  the  Embrvo  of  a 
Chicken  havcnq  Pushed  Some  Nef)ve  Fibers  into  the  SuR' 
ROUNOiNo  Plasma, 
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ADAPTATION  AND  INHERITANCE  IN  THE  LIGHT  OF  MOD- 
ERN EXPERIMENTAL  INVESTIGATION.' 


By  Paul  Kamhbkbr,  Vienna. 


[With  8  platen.] 

At  the  opening  of  the  e^th  aeBsion  of  the  International  Zodlogical 
Congresa  at  Graz,  in  August,  IdlO,  the  Qraz  Tageblatt  containod  a 
leading  article  by  Prof.  Franz  von  Wagner,  of  the  University  of  Graz, 
the  introduction  of  which  ended  as  follows: 

Zoology  haa  expanded  tremendously  since  the  publication  o(  Darwin's  works, 
both  in  breadth  and  profoundneBs,  and  the  frail  seedling  of  his  day  has  developed 
into  a  Btnrdy  tiee  vith  many  btsnches.  None  of  the  newer  fields  of  the  scientific 
study  of  animals  Ulostiate  this  more  convincingly  tiian  the  steady  progress  which  has 
been  made  in  recent  years  in  Experimental  Zoology.  Tbie,  as  a  special  study,  in  the 
systematic  development  of  methods,  haa  attacked  not  only  the  problem  of  the  devel- 
(^iment  of  oiganic  form,  but  has  even  attempted  to  solve  the  riddle  of  life,  striving  at 
the  same  time  to  impress  upon  biology,  as  far  as  poeeible,  the  stamped  an  exact  science. 
It  ia  certainly  not  through  chance  that  this  phase  fd  modern  Eoology  will  receive  a 
great  amount  of  atteotioa  in  the  congress  at  Grai. 

During  the  sessions  of  the  congress,  many  other  individualB  ez- 
preesed  similar  opiniona,  arnoi^  whom  a  goodly  number  presented 
papers  or  took  part  in  the  diacuseionB.  Of  these  there  come  to  mind 
men  of  such  note  as  Appelof,  Gadow,  and  Plate,  who  emphasized 
the  importance  and  absolute  necessity  of  basic  experimentation. 
Indeed,  we  dare  not  any  longer  be  satisfied  simply  to  observe  final 
facts  in  nature  as  they  [M-esent  themselvee  completed  to  the  observer 
and  laenly  incorpwate  this  mass  of  isolated  data  in  a  mountain  of 
knowlec^e,  but  we  must  seek  the  causes  which  underhe  these  phe- 
nomena. This  can  not  be  accomplished  by  mere  deamptlons  of  these 
final  products  and  a  comparison  of  them,  but  by  experimental  analy- 
sis. In  this,  the  factors  which  appear  to  us  to  be  responsible  for  a 
definite  phenomenon  are  isolated  and  allowed  to  react,  or  they  are 
completely  euppre^ed;  that  is,  the  conditions  found  in  nature  are 
artificially  changed  in  many  ways.  These  are  the  same  methods 
which  have  always  been  applied  in  chenustry  and  physics,  the  so- 

<  A  lectura  dellv^rad  Dec  14, 1910,  belon  Ihn  ScEmtlflc  Societ;  ol  Barlbi.  Tmulaled  b;  permEsaion 
from  Blminel  und  Erdc,  BerUn,  June,  mi,  pp.  38a-3St:  Julr,  U3~4E7. 
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called  natural  sciences,  which  owe  to  this  method  their  most  wonder- 
ful advancement.  It  was  veiy  late,  comparatively  speaking,  when 
the  thought  obteined  that  similar  results  might  be  expected  in  natural 
tustoiy,  and  a  few  decades  of  this  opinion  have  led  to  great  results. 

I  intend  to-day  to  cover  as  far  as  possible,  with  many  concrete 
examples,  the  facts  which  I  brought  before  you  in  abstract  form. 
We  would,  however,  gain  very  little  if  I  should  attranpt  within  the 
time  at  my  disposal'  to  touch  upon  all  the  branches  of  natural  history 
to  which  experimentation  has  been  applied.  I  therefore  prefer  to 
dwell  upon  only  two  leading  questdons  viewed  from  the  experimental 
viewpoint,  and  shall  consider  these  in  considerable  detail.  These 
are  the  old  LamarckiBn  and  Darwinian  slogans  "Adaptation  and 
ioheritance. "  In  thdr  reactions,  which  we  wish  eepedally  to  em- 
phamze,  both  of  them  become  united  in  a  sin^e  world-stining  prob- 
lem. Pure  description  and  comparison  could  not  give  them  their 
full  meaning,  they  remained  but  empty  terms,  slogans,  through 
which  one  was  supposed  to  be  able  to  explain  everything,  but  which 
in  truth  possessed  no  explanation  at  all,  and  were  therefore  discred- 
ited, espedally  through  Uie  critical  examination  to  which  they  were 
subjected  by  the  genial  August  Weismann.  The  reaction  between 
adaptation  and  inheritance,  or,  differently  stated,  the  transmission 
of  characters  acquired  through  adaptation,  the  emphasizing  of  these 
characters,  and  the  evolutionaiy  effect  produced  thereby  upon  the 
parent  stem  of  the  oiganism,  had  scarcely  any  followers  for  a  long 
time.  It  required  and  will  require  many  tedious  and  prolonged 
experiments  before  that  almost  abandoned  study  will  be  revived  in 
improved  form,  stronger  and  better  entitled  to  consideration.  We 
shall  therefore,  amoi^  all  the  problems  of  evolution,  here  confine 
our  attention  to  adaptation  and  inheritance,  but  we  shall  constantly 
be  in  touch  with  that  other  laige  problem,  that  of  reproduction.  Iii 
this  we  shall  give  equal  conrnderation  to  asexual  reproduction  by 
simple  fission  (Faramaeciom)  ^  or  budding  (worm  Aeolosoma),  the 
unisexual  reproduction  by  parthent^netic  e^s  (lower  crustfiCeacB) , 
or  close  fertilization  (higher  plants),  and  even  the  bisexual  reproduc- 
tion through  the  union  of  ovum  and  spermatozoa  of  two  distinct 
individuals,  a  male  and  a  female  (highw  animals). 

On  account  of  the  manifold  adaptations  of  which  we  shall  learn, 
the  following  problems  of  modem  biology  will  be  touched  upon, 
namely,  Embryc^eaesis,  or  germ  development;  Regeneration,  or 
repeated  growth  (worm  Lumbriculus) ;  Involution  or  Concentration 
(worm  Aeolosoma);  Transplantation,  or  grafting  (salamander,  chicken, 
rabbit,  guinea  pig);  Mendelian  law  (midwife  toad);  Intravitem 
staining,  or  cdoring  of  living  tissues  (moth  Tineola);  Immunity,  or 
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reeiBtance  against  bacterial  or  other  pobons  (chicken,  mouse,  rabbit, 
man). 

As  is  well  known,  many  of  the  lower  plants  and  animaJa  multiply 
by  simple  fissioD,  and  the  resulting  elements  attain  in  course  of  time 
the  form  and  raze  of  the  parent.  Or  they  may  multiply  by  having  a 
bud  developing  on  any  part  of  the  body,  which  in  time  assumes  the 
form  of  the  entire  parent  or  animal  upon  which  it  is  developed, 
usually  separating  from  the  parent  to  lead  an  independent  existence. 
Multiplication  of  this  type  by  fisuon  or  budding  may  occasionally 
occur  in  many  higher  w,nimn,I«  or  plants,  especially  so  when  they  have 
been  injured  by  mechanical  separation,  and  each  part  possesses  the 
power  to  regenerate  the  lost  portion.  In  this  asexual  reproduction 
we  realize  best  that  the  offspring  resembles  the  parent,  or  in  other 
words  that  the  peculiarities  of  the  parent  have  been  transmitted  to 
the  offspring.  We  even  accept  this  when  the  parents  have  acquired 
new  characters  in  their  individual  existence,  for  why  should  the 
pieces  possess  different  diaracters  than  ihe  material  from  which 
tbey  sprang  unchanged  I 

Still,  it  is  not  necessarily  true  that  newly  acquired  characters  must 
appear  in  the  progeny.  Metalnikow  fed  Protozoa  with  grains  of 
eaimine  and  India  ink.  Although  they  devoured  those  indigestible 
particles  at  first,  they  nevertheless  gradually  learned  to  push  them  aside 
and  to  avoid  them.  But  as  soon  as  fission  had  rendered  the  oigan- 
ism  into  two  daughter  cells,  these  seemed  to  be  ignorant  of  the  indi- 
gestibility  of  the  carmine  or  India  ink,  for  they  devoured  both  greedily. 

Leaving  out  of  consideration  the  constibients  or  peculiarities  of 
those  elementary  building  blocks  of  life,  the  so^alled  cells,  this  simple 
experiment,  recently  challenged,it  is  true,  by  Schfif er,  demonstrates  the 
following  fundamental  facte :  That  even  in  reproduction  by  simple  fis- 
sion germplasm,  which  contains  the  material  for  the  next  generation, 
must  be  distinguished  from  the  purely  individual  somaplasm,  which 
perishes  with  the  single  example.  The  bodily  peculiarities,  be  they 
young  or  old,  must  be  impressed  upon  the  germplasm  of  the  next 
generation  in  order  that  they  may  not  become  lost  but  may  continue. 
With  this,  then,  we  state  that  asexual  reproduction  does  not  differ 
as  far  as  their  principles  is  concerned,  from  sexual  reproduction.  If 
we  find  transmission  of  acquired  characteos  in  otganisms  which 
multiply  asexually,  we  may  therefore  attribute  to  them  the  same 
significance  as  in  those  whidtt  reproduce  by  the  sexual  methods. 

Jeimings  found  curiously  misshaped  examples  of  a  Protozoan 
(tiie  slipper  animalcula  Faramaecium,  fig.  1),'  in  densely  populated 
cultures,  wh«re  there  was  a  lack  of  food. 

Joinings  ti'ansplanted  one  of  these  from  ihe  poor  medium  into  one 
presenting  favorable  conditions  and  followed  the  progeny  through  22 
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generations.  In  the  reeulting  products  of  this  repeated  division,  one 
part  was  always  normal  while  the  other  inherited  a  hornlike  pro- 
cess. There  was  considerable  difference  in  the  form  and  size  of 
this  process,  as  well  as  in  its  position;  at  times  it  appeared  anteriorly, 
then  in  the  middle  or  posteriorly,  so  that  the  progeny  would  obtain 
this  process  from  the  anterior  or  posterior  extremity  of  the  parent. 
From  the  nineteenth  generation  on,  the  process  remained  on  the 
anterior  end,  assuming  a  peculiar  function;  the  animal  used  it  as  a 
gliding  shoe  and  moved  upon  it  on  the  walls  and  bottom  of  the 
container. 

While  Jennings  produced  this  horn  like  process  through  lack  of 
food,  Mcdendon  produced  the  same  by  means  of  a  centrifugal  or 
rapid  whirHng  of  the  Protozoan,  In  tiie  first  following  fission  the 
daughter  cells  each  possessed  &  horn.  Later,  as  in  Jennings's  ex- 
periments, only  one  of  the  daughter  cells  was  provided  with  a  horn, 
the  second  one,  being  normal,  gave  rise  to  normal  progeny  only. 

Another  new  character,  on  the  other  hand,  a^  resulting  from 
insufficient  food  in  cultures,  made  by  Jennings  and  McClendon, 
conld,  in  spite  of  transfer  into  a  rich  food  medium,  foe  transmitted 
even  by  apparently  normal  examples,  namely,  the  tendency  to 
incomplete  fission  {^.  1&),  in  which  the  daughter  individuals  remain 
attached,  forming  chains.  In  this  manner  long  wormlike  colonies 
arise,  from  which  now  and  then  an  individual  becomes  separated; 
this,  however,  produces  chains  again,  directly,  or  these  are  formed 
by  its  progeny. 

Similar  fusion  was  produced  by  Stole  in  a  worm,  Aeohsoma  1iem~ 
prichii  (fig.  2),  which  multiphes  by  budding — thatis,  asexuaUy,by  the 
use  of  old  culture  water  containing  scant  nourishment.  In  this  case 
the  phenomena  is  not  transmitted  to  the  progeny,  again  a  reminder 
that  asexual  reproduction  does  not  always  embrace  a  complete 
transmnsion  of  all  the  characters,  whether  inherited  or  acquired. 
This  worm  normally  has  a  smooth  head  and  six  paire  of  bundles  of 
set®,  on  the  sides  of  the  body  (1-Fl).  In  the  reproduction  (fig.  2T), 
a  new  head  and  body  with  six  paiis  of  bundles  of  bristles  (setse)  are 
budded  at  the  posterior  end  and  later  detached.  But  when  subjected 
to  starvation  the  bud  fuses  with  the  main  stem  into  a  single  individual 
(fig.  2h),  which  now  possesses  more  bundles  (sete)  than  the  normal 
worm.  If  this  individual  be  now  placed  in  a  fresh  food  medium  and 
begins  to  bud  there  OiT),  it  will  produce  from  the  very  beginning  only 
individuals  with  six  pairs  of  bundles  of  sette.  likewise,  the  offspring 
are  provided  with  the  normal  number  of  sets,  when  budded  from  a 
parent  which,  instead  of  having  an  increased  number  of  setse  produced 
by  hunger,  has  a  lesser  number  produced  by  mechanical  separaticm 
(fig.  2a). 
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Another  Folychtate  Ereeh-water  worm  (tiuinbriculua,  fig.  3) ,  poasessea 
Hfce  the  rest  of  the  worms,  the  abilitj  to  develop  into  new  worms, 
£rom  pieces  cut  from  the  body.  However,  according  to  Horgulis, 
not  all  parts  of  the  body  are  able  to  accomplish  this.  If  five  segments 
are  taken  from  the  anteiior  r^on  of  the  body  (A),  these  will  yield 
exactly  double  as  many  caudal  segments  as  fire  segments  taken  from 
the  posterior  portion  (B)  are  able  to  yield.  After  14  days  the  new 
tails,  a,  h,  are  detached  and  these  now  produce  a  new  head  anter- 
iorly; a„  &i,  so  that  complete  worms,  although  they  are  somewhat 
dwarfed,  are  again  produced.  These  dwarfed  worms  are  again 
robbed  of  their  tails  and  must  sprout  another  last  set  of  taib.  But 
one  of  tiiese  forms  (B),  produces  only  about  half  as  many  tail  seg- 
moits  as  the  other  (A).  This  is  the  result  of  Hio  stnmger  growtii 
power  of  the  anterior  end  of  the  original  worm,  while  the  other  is  the 
result  of  the  leeser  growth  power  of  the  posterior  e^ments  of  the 
original  worm.  The  peculiar  abUities  of  these  parts  have  been 
retained  in  spite  of  the  fact  that  the  pieces  were  finally  subjected  to 
the  same  process — that  is,  to  produce  caudal  segments  of  the  head 
Old.  Differently  stated,  ihe  anterior  end,  derived  from  the  posterior 
end,  has  acquired  the  character  of  lesser  development  and  toansmits 
this  to  its  progeny  even  asexually. 

Recently  the  question  of  acquired  characters  has  been  diligently 
studied  in  small  crustaceans.  Their  reproduction  is  a  s^nial  one, 
in  so  far  as  it  does  not  take  place  through  budding  or  fission,  but 
through  the  production  of  true  germ  cells.  But  it  doee  not  agree 
with  our  idea  of  orthodox  sexual  reproduction,  since  many  geaem^ 
tlons  may  pass  without  the  appearance  of  males.  The  reproductive 
products  at  such  times  are  purely  feminine — ^that  is,  c^gs  viach 
develop  without  having  been  fertilized  by  a  male  cell,  the  sperma- 
tozoan.  We  may  distinguish  Uiis  form  of  reproduction  from  sexual 
reproduction,  in  the  restricted  sense,  or  bisexual  reproduction,  aa 
unisexual  or  parthenogenetic  reproduction.  The  investigators  who 
have  been  engaged  in  the  study  of  these  lower  crustaceans,  and  have 
in  part  or  wholly  bred  them  parthenogeneticaOy  from  unfertilized 
eggs,  have  avoided  the  criticism  which  has  often  been  expressed  where 
animals  were  produced  by  the  bisexual  method  of  reproduction, 
namely,  that  the  changes  obtained  in  these  animals,  the  product  of 
bisexual  reproduction,  were  not  due  to  an  adaptation  to  the  environ^ 
ment,  but  to  the  crossing  of  races,  in  which  certain  characters,  which 
had  up  to  this  time  been  hidden  in  the  gennplasm,  had  come  to  the 
surface.  To  the  breeding  experiments,  in  which  the  above  criticism 
can  not  apply,  belongs,  among  others  of  recent  date,  also  one  of  the 
most  important  older  works,  the  experiments  of  Schmankewitsch 
(1875).  This  deals  with  the  effect  produced  upon  the  form  of  the 
saline  crustacean  (Artemia  adlina,  fig.  4,  1),  by  varying  tlie  salinity 
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of  the  medium  in  wiiich  it  lives.  Tliese  e^qieriments  have  been  more 
than  once  subjected  to  scathing  criticism,  vhich  is  undeserved,  as 
can  be  demonstrated  hj  an  examination  of  the  original  sources. 
By  increasing  the  salinity,  Artemia  aalina  passes  in  several  generations 
nearer  and  nearer,  and  eventually  completely  into  the  related  species 
Artemia  Mukihauaenii.  On  the  other  hand,  by  reducing  the  salinity, 
it  assumes  a  number  of  characters  which  are  peculiar  to  a  fresh- 
water species,  the  gillfoot  (Branchipus,  £g.  4,  2).  This  is  most 
apparent  in  the  gradually  emphasized  development  of  the  appen- 
dages and  the  ciliation  pending  from  them,  liiese  hairs  are  at  first 
wanting  (la) ;  then  they  appear  scattered  only  on  the  tip  of  the  ta- 
minal  caudal  segment  (l&-d) ;  but  finally  they  surround  the  entire 
border  as  a  fringe,  having  attained  an  equal  length  at  the  same  time 
(le-y) 

Among  the  many  experiments  which  have  been  made  recently  upon 
the  lower  cnistaceaos,  those  conducted  by  Woltereck  upon  the  lot^ 
spined  water  flea  (Daphnia  hnffispina)  may  be  mentioned.  In  the 
UntN9ee,near  Lunz  (lower  Austria),  lives  a  race  in  which  tbe  head 
hehnet  is  low.  By  feeding  thess  well,  in  the  basio  of  a  hothouse, 
Woltereck  saw  them  develop  into  high-helmed  forms.  If  one  trans- 
plfmts  these  artificially  produced  high-helmed  races  into  their  former 
habitat  within  two  years,  then  all  their  progeny  returns  to  the  low- 
helmed  form.  Later  offsprmg,  however,  remain  more  high-helmed 
than  the  original  stock,  even  when  they  are  returned  to  normal 
conditions.  Ostwald  obtained  a  similar  picture  without  inheritance 
in  an  allied  genus,  Hyalodaphnia  (fig.  6).  He  placed  high-helmed 
females  (loa,),  which  contained  eggs  in  the  broodpouch  that  were 
undergoing  development,  in  cold  water  (0°  to  5°  C.)  and  obtained 
(li£,)  short-helmed  young.  Moderately  high-helmed  gravid  females 
(lloa),  placed  iu  moderately  warm  water  (8°  to  18°  C),  yielded 
moderately  high-helmed  young  (11&&,),  while  short-helmed  females 
(lllao,),  placed  iu  warm  water  (20''C.),  i»oduced  high-helmed  young 
(11166J. 

I  shall  now  cdte  &  series  of  examples  in  which  the  transmission  of 
an  intentionally  produced  variation  in  h^her  plants  and  ^ninii^ln  has 
been  demonstrated.  The  offspring  necessary  for  these  demonstra- 
tions were  produced  by  the  usual  bisexual  methods — that  is,  through 
the  fertilization  of  an  ovum;  both  parents  may  have  been  subjected 
to  the  change-produciog  environment,  or  on^  one  of  the  parents  may 
have  been  changed,  the  other  being  normal.  The  nature  of  the  experi- 
mental variation  was  as  variable  as  the  oiganism  ia  which  it  was 
produced — small  and  large  butterflies,  flies,  beetles,  water  and  land 
salamanders,  frogs,  toads,  lizards,  chickens,  dogs,  guinea  pigs,  rab- 
bits, rats,  and  mice.  Various  kinds  of  grain  and  higher  flowering 
|>lants  have  yielded  positive  answets  in  our  experiments;  to  s^ 
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nothing  of  the  lover  plants  or  animals,  tiie  bacteria,  yeast,  and  smut 
ftmgi,  the  algsB,  and  flagellates.  The  characters  which  could  be 
changed  or  newly  formed  in  the  higher  oiganisms  include  size,  form, 
color,  developmental  stages,  habitB  of  locomotion,  food,  reproduction, 
and  oidiflc&tion.  Of  all  these  groups  of  acquired  chaises,  Z  can  give 
onljr  one  or  two  examples.  In  many  instances  several  of  the  men- 
tioned groups  of  variations  are  combined  in  a  single  case,  so  that  in 
spite  of  all  tiie  necessary  concentration,  quite  a  comprehensive  survey 
c^  the  field  will  result. 

If  we  b^;in  with  a  case  which  in  a  sense  is  not  one  of  true  tntns- 
mifision,  for  in  this  it  is  a  foreign  body,  not  a  part  of  the  animal 
which  is  transmitted  by  the  parent  to  the  offspring.  Sitowald  fod 
the  caterpillars  of  a  moth  {Tineola  JngeUieJla)  with  an  aniline  dye, 
"Sudan  red  No.  111."  The  colored  caterpillar  developed  into  a 
complete  moth,  and  these  moth  deposited  colored  ^gs  (fig.  GB),  from 
which  colored  caterpillars  emerged;  normally  the  ^;gs  and  caterpil- 
lars  are  white  (fig.  6b).  Similar  results  were  obtained  hy  Gage  with 
guinea  pigs  and  by  Kiddle  with  chickens.  These  experiments  are 
of  interest  because  they  show  how  easi^  the  germ  plasm  is  reached. 
In  this  case  it  was  accomplished  by  an  external  chemical  factor 
through  the  roundabout  way  of  the  somaplasm.  In  the  body  the 
fats  are  especially  colored  by  the  sudan  red  and  in  the  egg  the  fatty 
substances  which  are  attacked  by  it.  We  may  coouder  the  coloring 
of  the  living  tissue  (vital  staining),  comparable  to  the  immigratioa 
of  green  algie  into  the  egg  of  the  green  fresh-water  polyp  (Hydra 
viridia).  The  green  color  of  this  polyp  is  due  to  microscopic  low 
plants  {e^gm'),  which  live  in  the  ceUs  of  the  polyp  and  even  infest  the 
maturii^  e^.  M.  Nussbaum  has  called  this  a  transmission  of  an 
acquired  character,  for  it  stands  to  reason  that  this  association  with 
the  algfe  must  have  been  acquired  somewhere. 

If  we  consider  size,  then  we  find  a  ready  example  which  also  em- 
braces changes  in  color  and  food  habit — the  oatetpiUar  of  the  gypsy 
moth  Lymantia  a.  Ocneria  diapar — ^iu  which  the  males  are  strongly 
differentiated  from  the  females.  These  caterpillars  feed  naturally 
upon  the  leaves  of  the  oak  and  fruit  trees.  Pictet  fed  them  upon  the 
hard  leaves  of  the  walnut.  At  first  they  fed  poorly,  but  the  following 
generation  fed  upon  the  nut  leaves  without  hesitation.  The  resulting 
generation  of  moth  are  dwarfed  and  paler  in  both  sexes.  Traces 
of  this  are  still  recc^nizable  after  two  generations,  even  when  they 
have  been  returned  to  normal  food.  On  the  other  hand,  if  one  feeds 
two  consecutive  generations  with  the  abnormal  food,  they  return  to 
the  normal  form,  evidently  because  the  caterpillar  has  learned  to 
digest  the  strange  food  as  well  as  that  to  which  it  was  formerly 
accustomed.  Feeding  with  the  tender  Espsraette  produces  giant 
forms  and  saturated  color,  as  well  as  gray,  instead  of  yellow,  breast 
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haira.  K  the  first  gener&tioa  is  fed  with  walnut  leaves,  the  second 
with  oak  leaves,  and  the  third  with  Eaparsette,  then  the  characters 
of  oil  three  food-response  f onns  are  united  in  the  last  generation. 

Sohrdder  likewise  obtained  in  the  small  willow-leaf  beetle  Phraiara 
vUeUintie  {5g.  7,  lower  right)  an  inheritable  food  change,  but  which  at 
the  same  time  forced  the  animals  aflected  to  a  change  in  locomotion 
combined  with  a  change  in  reproduction.  'Hie  larvee  of  this  beetle, 
usually  fed  upon  the  leaves  of  a  smooth  species  ot  willow  (fig.  7A), 
were  unable  to  feed  upon  the  surface  and  were  forced  to  mine  in  tlw 
tissue  of  the  leaf.  When  both  willows  were  at  the  disposal  of  the 
resultii^  beetles  (B,  h;  C,  e,  etc.),  then  these  fastened  their  e^s, 
increasu^;ly  with  each  generation  from  the  very  beginning,  freely  to 
the  new  food  plant. 

Another  experiment  by  Schrftder  affected  the  nidification  of  a 
small  moth  {Qraalana  ^iginai^a).  Hie  cat^pillars  of  this  moth 
are  accustomed  to  roll  in  the  tips  of  the  willow  leaves,  which  serve  it 
as  an  abode  and  food.  'Hiey  are  prevented  from  doing  this  when  the 
tips  of  the  leaves  are  cut  off  and  are  thus  forced  to  roll  up  one  or  both 
edges  of  the  leaf.  The  progeny  of  the  third  generation  do  this  in  part 
spontaneously,  even  when  die  leaves  have  not  been  mutilated. 

Plants,  too,  yield  positive  results  wben  they  are  examined  for 
transmission  of  acquired  charaotra^.  I  will  have  to  pass  over  the 
many  examples  which  have  been  noted  in  the  asexually  reproduced 
spore  plants,  bacteria,  yeasts,  smutsi  and  algte.  I  can  only  mention 
those  produced  sexually,  usually  by  self-fertilization  of  the  bisexual 
floweiB. 

Klebe  grew  Gamander-Ehrenpreis  ( Veroniai  ehamaedrys) ,  a  species 
of  quite  constant  form  under  especially  favorable  food  conditions,  ia 
moist,  well  fertilized  beds.  If  the  feeding  sap  stream  was  driven  into 
the  flowering  stalk  by  the  outtiog  away  of  the  main  stem  and  any 
new  lateral  shoots  which  mig^t  develop,  then  these  changed  quite 
rapidly  into  leaf  shoots.  Ko  new  floweis  with  their  accompanying 
bract  were  added,  but  in  their  place  only  broad  co&iBely  serrate  green 
leaves.  The  disposition  to  this  leafy  efflorescence  is  increased  in  the 
seedlings  of  such  changed  plants,  even  without  mutilation  in  the  free 
bed,  and,  under  food  conditions  which  were  little  more  favorable  than 
those  in.  which  the  wild  plants  grew,  several  seedlings  showed  a  change 
of  their  unbranched  determinate  flower  stalks  into  branched  indeter- 
minate leaf  shoots. 

Recent  experiments  were  made  by  Klebs  upon  the  short-leafed 
live-for-ever  (Sempervivitm  acuminatum).  This  was  carefully  grown 
and  the  development  of  the  flower  stalk  watched;  then  the  flowers 
were  examined,  and,  if  found  norma],  the  whole  flower  stalk  was  cut 
off.  New  flower  stalks  now  developed  'of  a  different  form,  with 
changes  in  the  number  and  position  of  the  floweis,  {ustils,  and  sta- 
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moiB.  The  ooralla  was  at  timea  comjdetely  afaeent  and  the  atamens 
were  moie  or  lees  changed  into  petals  and  whole  fiowers  appeared  as 
leaf  rosettes.  All  these  changes  appeared  at  one  time  in  one  and  the 
same  plant.  But  never  more  than  one  of  the  seTeral  changes  a^^ared 
in  a  EODgle  mdividual  resulting  from  the  doie  fertilized  seeds  of  this 
plant;  that  ia,  either  only  a  change  in  the  position  and  the  nmnber  of 
the  flowering  parts,  or  the  changing  of  the  flowers  into  leaves,  or  only 
the  change  of  the  stamens  into  petals  occurred.  The  last  two  changes 
were  emphasized  in  the  seedlings.  No  changes  coiUd  be  demon- 
strated in  the  female  flowers,  for  example,  the  complete  lack  of  petals, 
but  instead  of  this  a  new  change  not  observed  in  the  parent  flowOT 
became  manifested,  namely,  a  peculiar  distantly  spaced  position  of 
the  sepals,  which  was  noticeable. 

Blaringhem,  by  the  use  of  mechanical  methods,  mutilation,  and 
twisting  of  the  main  stem,  attacked  a  normal  race  of  maize,  Indian 
com  {Zea  maya  pennaylvatiaca) ,  to  produce  varying  forms.  Aa  a 
result  thereof,  manifold  abnormal  forms  appeared  already  in  the 
parent  plant,  of  which  only  a  part  recurred  in  the  seedlings.  Not 
transmiaaible  was  a  variation,  in  which  the  seeds  appeared  separated 
upon  the  cob;  nor  a  second,  with  chaffy  ears  and  red  instead  of  green 
leaves;  nor  a  third,  in  which  all  the  flowers  of  the  ear,  which  normally 
should  have  all  been  itistilate,  had  been  changed  to  staminate  flowers, 
without  a  change  of  form  or  of  the  husk.  The  following  changes, 
however,  remained  constant  upon  further  cultivation,  without 
renewed  mutilation;  a  race  with  stamens  upon  the  cob;  that  ia, 
bisexual  eara.  Normally  the  ears,  which  develop  on  the  side  of  the 
stem  from  the  axil  of  the  leaves  of  the  Mays  plant,  are  purely  pistilate 
fruit-floweis,  while  the  termuial  spikes  at  the  aummit  of  the  stem  are 
purely  staminate.  However,  the  stamens  growing  between  the 
pistilate  flowers  were  unable  to  produce  pollen.  Blaringhem  calk 
this  race  "Zea  may$  var.  pseudo-aadrogyna/'  i.  e.,  "  the  false  her- 
maphrodite." Another  constant  form  was  an  early  ripening  race 
with  many  densely  crowded  somewhat  irr^ular  rows  of  seeds,  pos- 
sessing also  a  different  form  of  stem  and  number  of  leaves.  Bluiog- 
hem  calls  this  "Zea  mays  var.  aemi-'praeeox,"  "the  half  early." 
Finally,  a  strongly  different  form,  which  blooixis  and  ripens  even 
earlier,  with  remarkably  small  ears  and  staminate  spikes,  in  which  the 
spikes,  which  should  be  purely  staminate,  are  in  part  or  wholly  changed 
into  mere  scats;  that  is,  they  have  assumed  the  form  of  the  pistilate 
flower,  which  is  intended  to  capture  the  pollen.  Blaringhem  calls 
this  form,  "Zea  mays  ipraeaa,"  "the  very  early,"  and  considers  it  a 
new  distinct  species. 

All  the  experiments  so  far  cited  pertain  to  plants  or  invertebrate 
animals.  To  succeed  in  these  experiments  it  is  necessary  to  watch 
the  particular  oi^onism  for  at  least  two  generations,  and  to  keep 
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them,  Id  spite  of  the  unnatural  conditions,  in  such  a  state  of  health 
that  they  will  undergo  reproduction  even  while  in  captivity.  On 
account  of  the  short  period  of  life  and  rapid  sexual  maturity,  no  great 
difficulties  were  encountered  while  using  these  lowly-organized 
animals.  Among  the  plants,  the  gardeners  and  farmers  have  always 
looked  to  it  that  the  technical  problems  pertaining  to  these  were 
placed  in  their  hands,  even  before  experimentation,  and  the  study  of 
life  phenomena  upon  the  living  object  was  undertaken  by  biology. 
A  lesser  consideration  was  bestowed  upon  the  animals,  especially  the 
so-called  "cold-blooded"  vertebrates.  Zoological  gardens  contained 
only  mammals  and  birds.  The  use  of  aquaria  and  terraria  as  a  pas- 
time, which  later  on  lent  much  assistance  to  the  rearing  of  organisms 
for  scientific  purposes,  was  still  in  its  infancy,  when,  with  their  aid, 
easily  solved  problems  began  to  play  a  part  in  biology.  They  also 
play  a  part  when  it  is  desired  to  change  the  normal  conditions  under 
which  an  organism  exists.  While  the  botanist  often  knows,  almost 
instinctively,  how  he  must  treat  a  plant  which  he  receives  for  the  first 
time,  the  zoologist,  on  the  other  band,  stands  almost  helpless,  though 
dealing  with  much  better  known  forme,  when  he  finds  them  dying  on 
his  bands.  For  my  own  experiments  I  had  selected  charges  which 
demanded  considerable  attention,  and  I  had  to  arrange  a  special 
technique,  step  by  step,  to  make  it  possible  to  keep  these  animals, 
mostly  reptiles  and  amphibians,  alive  and  to  have  them  multiply. 
Owners  of  vivaria,  who  may  be  among  my  listeners,  may  answer  that 
it  13  not  at  all  difficult  to  keep  a  treetoad,  toad,  or  salamander  for 
yeara  in  very  simple  surroundings^e  small  box  with  moss  and  Bome 
water.  This  is  very  true,  but  such  animals  will  never  multiply  imder 
such  conditions,  although  they  may  live  a  long  time.  Furtfaenn(ve, 
such  conditions  would  have  hardly  helped  me,  for  example,  to  still 
have  living  midwife  toads  (Ahftes  ohsteiricans) ,  which  I  collected  in 
Appenzell  in  the  summer  of  1894,  and  some  fire  salamanders  (.Sala~ 
flMi»idronMicui!oso),whichIhavehadBinceIw8B  12  years  old,  or  more 
than  IS  years.  The  difficulties  reach  their  zenith  when  one  con- 
sideiB  the  problem  of  keeping  a  shade  and  moisture  loving  salamander, 
in  brilliant  light,  on  dry  sand  and  colored  paper,  placing  only  a  small 
vessel  with  water  and  a  very  small  nest  of  moist  mosd  at  its  disposal, 
or  when  one  takes  care  of  a  lizard,  which  normally  loves  drynees  and 
sunlight,  in  comparatively  cool,  moist,  and  dark  surroundings. 

Formerly  I  succeeded  in  getting  tbe  animals  experimented  upon  to 
reproduce  out  of  doors  in  so-called  out-of-door  terraria,  or  large  cement 
basins.  The  giaater  number  of  these  pets  have  now  become  domes- 
ticated, and  tb^  perform  these  functions  in  smaller  containers  in- 
doors. 

And  now  to  the  experiments  themsdves,  for  I  intend  to  give  you 
a  somewhat  more  complete  account  of  my  rearing  of  the  midwife 
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toad  (Alytea  obstetricana).  In  order  to  understand  this,  it  becomes 
Docessary  to  say  a  few  words  about  the  ordinary  method  of  reproduc- 
tion in  most  of  the  toads  and  frogs  (fig.  8).  They  deposit  their  small 
e^a,  hundreds  in  number,  in  water.  The  e^s  are  surrounded  by  a 
jelly-like  substance  that  unites  them  into  bunches  or  strings  (fig.  80). 
Here  the  jelly-like  covering  swells  at  once  about  each  dark-colored 
egg  as  a  sharply-differentiated  translucent  ball  (lb).  The  eggs  remain 
without  attention  from  the  parents  after  deposition.  The  young  (c) 
escape  from  the  eggs.  The  free  larvte,  so-called  tadpoles,  which  at 
first  are  not  provided  with  any  special  breathing  apparatus,  for  they 
breathe  with  the  outer  skin  {d),  develop  external  gills  after  a  few 
days  (e),  which  are  later  retracted  (/)  and  give  way  to  inner  gills  (0- 
But  still  for  weeks  the  larva  remains  without  feet  (A).  It  develops 
first  the  posterior  (i),  then  the  anterior  extremities  {k,  I),  after  which 
the  tail  becomes  shriveled  and  the  narrow,  homy  jaw  is  replaced 
by  the  deeply  cut  mouth  of  the  frog  (m).  Then  the  small  complete 
frog  jumps  to  land. 

There  is  only  a  single  exception  to  this  rule  in  Europe,  the  ao-called 
midwife  toad,  or  egg-bearing  toad  (fig.  9).  In  this  the  deposition  of 
eggs  takes  place  on  land  and  a  comparatively  small  number  of  e^a 
(1S-S3)  are  produced,  but  which,  on  account  of  their  great  yolk  mass, 
appear  lai^e  and  light  colored  (fig.  9,  2a).  The  jelly  capsules  which 
connect  these  eg^  into  a  chain  can  not  swell  in  the  air,  but,  on  the 
other  hand,  become  contracted  and  fit  closely  to  the  surface  of  the 
e^.  The  male  assists  the  female  during  oviposition  by  drawing 
the  string  of  eggs  from  the  cloaca.  He  also  assists  in  the  brooding 
of  the  eggs  (comp.  fig.  10,  7  J  ), winding  the  e^s  about  his  thighs  and 
carrying  them  about  in  this  manner,  until  the  young  are  ready  to 
emerge.  At  this  time  the  male  with  his  burden  eaters  the  water, 
where  the  larva  break  their  capsules.  They  do  this  not  in  the  stage 
unprovided  with  special  breathing  organs,  for  this  and  the  following 
stage,  that  with  external  gill,  are  passed  over  in  the  egg.  The  larva 
is  still  footless  (fig.  9,  2b),  but  has  internal  gilU.  The  succeeding 
developmental  stages  agree  with  those  of  other  frogs  and  toads — two- 
legged  (2c),  four-legged  (3d),  shriveling  of  the  tail,  and  habitat  change 
from  water  to  land  in  the  completed  toad  (2e). 

I  was  able  to  change  the  above-mentioned  process  considerably  in 
four  directions.  In  the  first,  the  aquatic  existence  of  the  larva  was 
much  prolonged  (fig.  9,  the  detail  ^.  6).  I  gradually  learned  to  what 
extent  factors  like  darkness,  cold,  richness  of  oxygen  in  the  water, 
overfeeding  after  previous  starvation,  and  the  early  removal  of  the 
embryo  from  the  egg,  played  m  prolonging  the  metamorphic  period 
of  the  toad.  With  each  one  of  these  factors  I  obtained  larvee  which 
did  not  transform  at  the  proper  time,  and  which  already  in  the  larval 
stage  attained  considerable  size,   still,  what  is  most  important. 
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developed  into  adult  toada  at  the  advent  of  the  reproductive 
period.  The  prc^ny  resulting  from  these  toads,  in  vhich  the 
metamorpbic  changes  had  been  delayed,  underwent  metamorphosis 
within  the  usual  normal  time.  They  therefore  had  failed  to  inherit 
the  varying  dev^opmental  process.  It  required  the  combination 
of  all  the  above-mentioned  factors  to  produce  a  sexually  fertile 
toad  larva  (fig.  9,  6d).  Their  progeny  (&C),  although  produced  by 
the  mating  of  the  unique  sexually  fertile  female  larva  with  an  ordi- 
nary completely  developed  mate,  for  years  did  not  progress  beyond 
the  stage  ■witia.  developed  hind  legs  and  displayed  little  metamorpbic 
energy. 

Secondly,  the  independence  of  water,  which  is  already  expressed 
in  the  normal  reproduction  of  the  midwife  toad,  by  tibe  phases 
passed  over  out  of  water  during  development  was  pushed  to  the  limit. 
If  one  hastens  all  the  processes  of  development  by  the  employment 
of  warmth  and  retards  the  hatching  by  withdrawing  light  and  placing 
them  in  comparatively  dry  surroundings,  then  one  obtains  gigantic 
e^s  (fig.  9,  3a),  in  which  the  embryos  remain  until  they  have  well- 
developed  hind  legs  (,3b).  The  toads  developed  from  these  are 
dwarfed  and  e^s  laid  by  them  are  of  lesser  numbers  than  in  the  nor- 
mal toad,  and  possess  from  the  very  beginning  a  great  amount  of 
yolk,  much  more  than  in  the  usual  eggs,  and  it  is  a  curious  sight  to 
see  a  dwarfed  male  perform  bis  brooding  function  with  the  very 
lai^e  few  ^gs.  If  one  continued  to  apply  the  same  stimuU  to  the 
eggs,  then  one  again  obtained  larvae,  with  completely  developed  hind 
legs  (ZD) ;  but  if  one  transferred  them  into  normal  conditions  as  far 
as  requirements  of  temperature,  Light,  and  moisture  are  concerned, 
larvsQ  were  obtained,  which  at  hatching  possessed  bud-like  hind  l^s 
C3C). 

Thirdly,  one  can  develop  the  larvte  to  the  two-l^ged  stage,  away 
from  water,  simply  on  moist  ground;  in  this,  if  danger  of  death 
threatens,  one  must  return  them  to  their  normal  element.  The  land 
lorvsa  (fig.  9,  detail  fig.  5)  possess  a  thicker  skin  than  the  aquatic 
larvte,  which  is  easily  observed  by  the  fact  that  in  the  aquatic  larvte 
only  (comp.  fig.  9,  2c)  the  mmpmusculature  is  visible  through  the 
skin.  The  land  larvte  possess  also  a  narrower  fin,  but  are  stronger 
in  the  bones  and  musculature  of  the  tail.  The  lungs  are  subjected 
to  a  curious  modification  in  the  aquatic  larvEe;  they  are  simple, 
smooth-walled  tubes  i2d) ;  in  land  larvee  of  the  same  age  they  have 
already  been  separated  into  lobules,  alveoli,  and  sacs  (5a),  which 
approach,  both  in  form  and  structure,  those  of  the  completed  toad 
(2£).  The  toads  developed  from  terrestrial  larvv  are  dwarfed.  If 
one  keeps  the  larva  produced  by  these  again  out  of  water,  then  the 
ability  to  exist  out  of  water  is  increased.  A  further  stage  (50)  is 
therefore  reached  than  in  the  preceding  generation,  which  eKtends  to 
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the  time  when  the  fore  limbs  are  about  to  erupt,  and  all  adaptations 
to  a  terrestrial  existence  now  appear  emphasized. 

The  fourth  cycle  of  adaptation  and  inheritance.  If  one  keeps 
gravid  midwife  toads  in  a  high  temperature  (of  25°  to  30°  C),  then 
they  omit  the  brooding  stages  above  described  and  return  to  the 
primitive  methods  of  reproduction  peculiar  to  the  rest  of  the  toads 
and  frogs.  The  iinusual  heat  forces  the  animals  to  seek  coolness  in 
the  water  basin,  which  is  at  all  times  at  their  disposal.  Here  the  sexes 
meet  and  fertilization  and  oviposition  take  place.  But  the  moment 
the  gelatine  capsule  of  the  egg  comes  in  contact  with  the  water,  it 
swells  (fig.  9,  detail  fig.  4a)  and  loses  its  Tiscosity  and  therefore  its 
property  to  draw  itself  tightly  about  the  thighs  of  the  male  later  upon 
drying.  The  male  is  therefore  imable  to  fasten  it  to  its  posterior 
extremities.  The  string  of  ^^  therefore  remains  in  the  basin,  in 
which  a  few  of  them  develop  in  spite  of  the  changed  conditions. 

In  the  same  proportion  in  which  the  seeking  of  the  water  and  the 
completing  of  the  reproductive  processes  without  brooding  become  a 
habit,  BO  that  the  animals  even  without  the  stimulus  of  high  tempera- 
ture conduct  themselves  in  this  manner,  do  certain  changes  occur  in 
the  eggs  and  larvie  which  correspond  to  a  closer  approach  to  the 
original  methods  of  reproduction  of  toads.  The  mmiber  of  eggs  and 
their  ability  to  develop  in  water  becomes  decidedly  increased.  The 
aquatic  ^gs  possess  a  leeser  amount  of  yolk  than  the  terrestrial  eggs, 
and  are  therefore  smaller  and  different  in  color,  but  owing  to  their 
Bwollen  gelatine  layer,  they  appear  just  as  large  as  formerly.  From 
these  eggs  emei^e  larvee  which  belong  to  an  earlier  stage  than  those 
normally  produced,  representing  an  intermediate  stage  between  this 
and  that  of  the  rest  of  the  toads.  They  possess  external  gills,  of 
which  the  midwife  toad  has  only  a  single  pair  (the  anterior),  (fig.  9, 
detail  %.  4b).  Toads  produced  from  such  larvee  are  distinguished 
from  normally  produced  individuals  by  being  considerably  larger. 

In  order  to  t^t  the  inheritance  of  these  reproductive  adaptations  I 
permitted  aquatic  eggs  derived  from  animals  which  had  become 
accustomed  to  this  mode  of  oviposition  to  develop  under  normal 
conditions,  in  a  room  in  which  the  control  animals  are  kept  and  in 
v^ch  these  have  kept  normal.  If  the  reproduction  adaptation  had 
become  a  changed  instinct,  then  the  transmission  left  nothing  to  be 
desired  in  the  way  of  distinctness.  The  sexually  matured  young 
midwife  toads  sought  the  water  with  the  begimiing  of  their  first 
reproductive  period  and  deposited  there  their  strings  of  numerous 
small,  dark-colored  eggs  without  bestowing  any  additional  attention 
upon  them.  The  aquatic  eggs  of  later  generations  are  still  smaller 
and  possess  still  thicker  investments,  the  additional  gelatine  being 
obtained  by  a  shortening  of  the  spaces  between  the  eggs  in  the  string. 
The  larvw  of  later  generations,  derived  from  aquatic  ^gs  (fig.  9,  detail 
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figs.  4C,  iD),  show  an  increase  in  dark  pigment,  s-reduction  of  the 
yolk  to  its  complete  retrogression  as  well  as  changes  in  the  gills, 
whidi  become  shortened,  simplified,  and  coarser,  and  while  usually 
only  the  first  of  the  gill  arches  of  the  skeleton  bears  a  gill,  these  appear 
on  three  of  the  free  arches  in  the  fourth  generation  (4Z)).  The  males, 
probably  on  account  of  the  difficulty  of  clasping  the  female  in  the 
water,  have  developed  as  an  adaptation  coarse  swellings  on  their 
thumbs,  and  also  str^igthened  the  musculation  of  the  anns,  which 
lend  the  forelimb  a  more  inwardly  flexed  appearance.  These  are 
external  sexual  characters  which  hold  good  in  all  toads  and  frogs  that 
mate  in  the  water,  but  which  are  not  nonnal,  for  the  midwife  toad 
normally  mates  on  land. 

The  brooding  instinct,  or  its  absence,  are  peculiarities  which  fall 
to  the  lot  of  the  male  in  the  midwife  toad.  The  character  and  devel- 
opment of  the  egg,  on  the  other  hand,  are  everywhere  derived  from 
the  females.  To  cross  normal  midwife  toads  with  such,  in  which 
the  reproductive  processes  had  been  changed,  presented  some  fas- 
cination. In  om*  illustration  (fig.  10)  we  have  shown  a  nonnal 
male  (7  ^  )  with  the  affixed  e^  chain  upon  its  thigh,  in  order  to  indi- 
cate that  it  will,  if  necessary,  actually  carry  out  the  function  of 
brooding.  The  changed  male  (8  j )  is  larger  and  has  left  the  egg  string 
with  the  smaller  darker  eggs,  which  are  surrounded  by  a  swelled 
capsule,  lying  imnoticed  alongside  of  him.  The  normal  females 
appear  in  the  empty  white  field ;  it  deposits  its  e^s,  as  we  know,  upon 
the  earth.  The  larger  changed  female  is  in  the  shaded  field  because 
it  deposits  its  eggs  in  the  water.  I  cross  in  the  one  case  (fig.  10,  detail 
%.  7P)  a  normtd  male  with  a  changed  female.  The  offspring  (fig.  1) 
prove  at  their  first  reproduction  to  be  perfectly  normal ;  the  males 
brooding,  the  femalee  depositing  their  eg^  on  land.  I  thought 
nothing  less  thtUD  that  the  habit  change  on  account  of  the  introduc- 
tion of  the  normal  male  in  the  parent  generation  had  passed  out. 
Alas,  they  reappeared  in  the  second  generation  (F,)  almost  exactly 
in  a  qufui^er  of  the  offspring,  the  remaining  three-fourths  of  the 
second  generation  being  normal.  An  opposite  crossing,  a  normal 
female  with  a  changed  male  (fig.  10,  detail  fig.  8P),  yielded  the 
following  results:  The  first  generation  (FJ  takes  exactly  after  the 
male  parent;  that  is,  all  the  individuals  exhibit  the  reproduction 
changes  resulting  from  the  experiment,  the  females  deposit  the  eg^ 
in  the  water  and  the  males  do  not  brood.  The  second  generation  is 
one-fourth  nonnal  and  the  remaining  three-fourths  are  changed. 

Let  us  now  note  the  following  scheme  (fig.  11):  It  corresponds  with 
the  experiences  which  have  frequently  been  obtained  in  crossing 
races  of  plants  or  animals.  Namely,  if  one  crosses  a  "dark"  with  a 
"light"  race  (fig.  HP),  then  one  of  the  two  pecufiarities  alone  is 
dominant  in  the  daughter  or  the  first  filial  generation  (.F^),  for  exam- 
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pie,  ^e  "dark  "  one.  If  one  produces  a  second  filial  generation  from 
a  pair  of  this  apparently  dark  race,  {Ff),  tJien  "dark"  again  is  domi- 
nant but  only  three-fourths,  while  the  remaining  fourth  is  "light" 
and  causes  the  "light"  of  the  grandparent  to  reappear.  If  one 
breeds  from  the  "light,"  then  "dark"  never  reappears;  the  "light" 
is  and  remains  pure.  If  one  continues  to  breed  the  three-quarter 
"daik"  tc^ther,  then  one-fourth  continues  to  breed  pure  "dark," 
which  ^ways  yields  "dadk"  offspring,  but  the  remaining  two-fourths, 
when  bred  together,  yield  in  the  tUrd  filial  generation  (F,),  another 
splitting  into  threfrjourths  "dark,"  of  wi^ch  one-four^  is  pure 
strain  "dark"  and  two-fourths  mixed,  and  one-fourth  which  is  pure 
"light"  strain.  This  continues  as  loi^  as  the  inbreeding  pennits  of 
the  development  of  offspring.  This  inheritance  scheme,  of  which 
our  picture  cites  the  simjdeet  possible  case,  is  called  Mendel's  division 
sdieme  or  prevalmce  rule,  after  its  discoverer ;  that  peculiarity  which 
is  entirely  prevaloit  in  the  first  generation  and  three-fourths  in  those 
following  is  called  the  dominant,  and  the  name  recessive  is  given  to 
Uiat  peculiarity  which  is  suppressed  entirely  in  the  first  generation  and 
reappears  in  one-fourth  of  those  that  follow.  The  muneric^  arrange- 
ment of  these  peculiarities  in  the  progeny  is  usually  not  influenced  by 
the  sex  of  the  parent  beari:^  the  dominant  or  recessive  properties. 
This,  however,  is  not  true  in  the  case  of  our  crossings  in  the  midwife 
toad. 

It  is  true,  howew,  that  these  experiments  fall  in  line  with  Men- 
del's law,  but  the  dominant  factor  is  attached  to  the  male,  and  a 
change  in  dominance  depends  upon  whether  we  use  a  male  possessing 
one  or  another  peculiarity.  On  the  other  hand,  the  recessive  char- 
aoter  in  the  case  of  the  midwife  toad  is  attached  to  the  female.  I 
feel  convinced  that  this  unusual  chuige  in  the  distribution  of  the 
habit  between  the  two  sexes  which  we  have  considered  is  of  impor- 
tance. But  this  is  secondary  compared  with  the  important  result 
that  acquired  characters  not  only  become  transmitted  but  in  the 
mixing  with  unchanged  characters  they  follow  Mendel's  law.  The 
acquired  character,  therefore,  has  a  chance  to  come  forth  pure,  in  a 
certain  percentage,  from  the  mixture  of  characters,  and  is  thus  pre- 
served.  To  this  attaches,  as  we  shall  learn,  a  high  degree  of  stability. 
The  new  character  must  have  ceased  to  be  a  changing  or  unusual 
thing;  it  must  have  been  transmitted  to  the  organism,  as  we  may 
say,  in  flesh  and  blood. 

Next  to  the  midwife  toad,  the  fire  salamander  (SdlamandTa  macu- 
losa, figs.  12,  13),  which  lives  in  moist  woods,  has  become  a  favorite 
of  mine.  If  kept  for  several  years  upon  yellow  clay  (fig.  12,  P  row), 
then  bis  yellow  markings  become  enriched  at  the  expense  of  the  black 
ground  color.  If  half  of  the  offspring  of  individuals  which  have  thus 
become  very  yellow  (fig.  12,  F,  row)  be  raised  on  yellow  soil,  the 
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amount  of  jellow  increases  and  appears  in  broad  regularly  distrib- 
uted loi^tudinal  bands.  The  other  half  of  the  offapring  if  grown 
on  dark  soil  become  less  yellow,  always,  however,  in  close  relation 
with  the  opposing  influence  of  the  color  of  the  surroimdings,  and 
likewise  in  a  regular  order — in  this  instance  as  rows  of  spots  along 
the  aides  of  the  body. 

If  the  parent  generation  of  the  fire  salamander  be  raised  on  black 
garden  soil  (fig.  13,  P  row),  after  some  years  it  becomes  lai^ly  black, 
while  the  young  kept  upon  black  soil  (F^  row)  have  a  row  of  small 
spots  on  the  middle  of  the  back.  On  the  other  hand,  in  young  which 
in  contrast  with  their  parents  have  been  raised  on  yellow  soil,  these 
spots  fuse  into  a  band. 

If  we  use  yellow  paper  instead  of  yellow  soil  and  begin  our  experi- 
ment, as  we  did  before,  with  scantily  spotted  individuals,  then  we 
obtain  enlargement,  but  no  increase  in  the  number  of  the  spots. 
If  we  take  black  paper,  then  we  obtun  a  reduction  in  the  size  of 
the  spots  without  reduction  in  intensity  of  coloration.  The  young 
bear  the  few  spots  in  the  middle,  while  the  normal  young  from  the 
control  brood  in  mixed  surroundings  at  once  produce  an  irregular 
pattern  of  markings. 

Heavy  moisture  produces  an  increase  of  the  yellow,  but  only  in 
the  number  of  spots,  none  in  the  sise  of  the  spots.  Numerous  but 
still  small  spots  may  be  observed  in  the  progeny  put  back  into  leea 
moist  surroundings.  Comparative  dryness  results  in  loss  of  bril- 
liancy, but  not  in  loss  of  size  in  the  spots.  The  same  phenomenon 
may  be  observed  in  the  progeny  which  is  again  kept  moist,  especially 
when  compared  with  the  control  brood  which  was  kept  under  uni- 
form conditions. 

Striped  fire  salamanders  occur  not  only  as  fancy  products  of 
breeding,  but  in  some  places  (as  in  north  Germany  and  southern 
Italy)  they  occur  also  in  nature.  If  such  examples  be  kept  upon 
yellow  soil,  then  the  interruptions  which  may  occur  in  their  stripes 
are  filled  out  and  the  completed  bands  become  wider  and  send  out 
cross  bridges.  If,  on  the  other  hand,  animals  with  complete  stripes  be 
kept  on  black  soil,  the  stripes  become  narrower  and  break  up.  I  em- 
ployed striped  salamanders  for  another  experiment,  using  some  which 
had  been  caught  wild  and  some  produced  by  artificial  rearing  from 
spotted  individuals.  I  exchanged  the  ovaries,  grafting  these  of  the 
striped  salamanders  upon  the  spotted  ones  and  that  of  the  spotted 
salamander  upon  the  striped  females.  I  can  not  enter  upon  all  the 
combinations  of  these  experiments,  especially  not  upon  the  use  of 
suitable  males,  which  in  the  attaining  of  safe  results  become  very 
much  involved,  and  would  require  much  repetition.  But  the  follow- 
ing result  will  hardly  be  altered:  The  ovaries  taken  from  a  spotted 
fenude  which  were  implanted  upon  a  wide  striped  female  uniformly 
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yielded  spotted  young,  while  the  ovaries  from  a  spotted  female  im- 
l^anted  on  an  experimentally  changed  striped  individual  yielded 
spotted,  striped,  and  interrupted  striped  young.  Commonly  ex- 
pressed, we  reached  the  following  conclusions: 

1.  If  one  deals  with  completed  race  characteristics  whi(^  have 
become  established  in  the  foreign  body,  the  so^alled  nurse,  then  the 
progeny  will  correspond  to  the  characters  of  that  individual  from 
which  the  ovary  ori^nated,  not  to  that  individual  into  whose  body 
the  ovaiy  has  been  transplanted. 

2.  If  one  deals  with  only  recently  acquired,  newly  produced,  or 
other  characters  which  have  been  taken  out  of  their  equilibrium, 
which  in  the  body  of  the  nurse  may  quantitively  diminish  or  increase, 
or  may  be  on  the  point  of  becoming  quantitively  changed,  then  the 
progeny  resembles,  at  least  in  part  of  its  characters,  that  individual  by 
which  they  were  carried  in  the  undeveloped  state.  In  this  case  only 
there  passed  from  the  bodily  peculiarities,  which  were  still  easily 
changed,  being  as  it  were,  still  new  and  unaccustomed  to  their  pos- 
sessor, a  sufficiently  strong  stimulus  upon  the  reproductive  elements. 

These  results  may  at  some  future  time  prove  valuable  in  harmo- 
nizing the  contradicrions  which  have  resulted  from  the  experiments  of 
other  investigations  in  ovarian  transplantation.  For  Guthrie,  by 
exchanging  the  ovaries  of  black  and  white  chickens,  obtained  an 
influence  upon  the  chicks  throu^  the  colored  feather  covering  of  the 
nurse.  Mi^us  obtained  the  same  results  in  black  and  white  rabbits. 
Eeape,  on  the  other  hand,  in  transpluitong  fertilized  ova  from  white 
Angora  rabbits  into  gray  Bel^an  hares,  obtained  no  such  influences; 
nor  did  Castle  by  ovarian  transplantation  of  black  guinea  pigs  into 
white  individuals ;  nor  Foil,  in  the  same  operation  upon  gray  and  white 
mice;  nor  Morgan  in  operating  upon  CHona  intesiinaHs. 

My  experiments  in  transplanting  may  serve  to  straighten  out  the 
controversy  between  the  so-called  neo-Mcndelists  and  neo-Lamarck- 
ists.  Itet  us  therefore  return  briefly  to  our  crossing  experiments  with 
the  midwife  toad.  Each  hybridization  is  in  reality  a  transplantation 
of  the  germ  elements,  in  a  nonoperative  natural  way.  We  noted  that 
in  a  body  with  entirely  different  properties,  those  germ  elements  which 
'were  carried  over  into  it  during  coition  retained  their  own  peculiarities, 
oft«n  with  the  greatest  persistence;  even  to  such  an  extent  that  they 
always  reappeared  unchanged  in  a  certEiin  percentage  of  the  offspring. 
It  is  possible,  indeed  probable,  that  we  are  now  in  possession  of  the 
ecxplanation  of  these  phenomena,  for  we  are  dealing  always  only  with 
liveU-fixed,  old,  constant  pecuUarities,  which  no  longer  exert  a  form 
or  color-changing  stimulus  upon  each  other  or  their  surroundings. 
In  our  midwife  toad  we  are  also  dealing,  not  with  peculiarities  which, 
in  the  strict  sense,  are  new,  but  with  reawakened  old  peculiarities 
85360'— SM 1912 SH) 
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^ich  had  become  loet — a  resuiniiig  of  the  abandoned  lines  of  derelop- 
ment  of  the  forefathers.  It  was  on  account  of  this  that  these  rever- 
sions  or  atavistic  characters  could  be  carried  to  a  high  or  at  least 
sufficiently  balanced  d^^ee.  If  these  had  be^i  newly  acquired  char^ 
acters  and  transmissible  in  pm%  strains,  their  diversion  in  the  Mende- 
Uan  sense  would  neverthdess  have  been  impossible,  for  I  have  been 
convinced  of  this  recently  by  completed  control  experiments  with 
animals  which  had  enjoyed  the  peculiar  adaptation  for  a  short  period 
only.  In  these,  neither  of  the  two  peculiarities  of  the  parents  is  com- 
pletely dominant  in  the  offsprings,  but  they  stand  midway  between 
their  producers,  and  the  acquired  character  pales,  fades,  becomes 
enfeebled,  and  is  finally  lost. 

I  do  not  wish  to  close  my  observations  without  considering  anotlier 
phase  of  the  inheritance  of  acquired  characters,  namely,  the  trans- 
mission of  acquired  disease  and  the  transmission  of  acquired  resistance 
against  toxin. 

Strictly  considered  in  the  li^t  of  eKperimental  investigation,  we 
possess  only  the  classical  experiments  of  Brown-Sfiquard..  Weatphal, 
and  Obereteiner  t^at  deal  with  transmisraon  of  disease.  These  were 
responsible  for  epil^isy  produced  in  the  guinea  pig  by  operation. 
Brown-S^uard  and  Obersteiner  severed  some  cords  of  the  spinal 
cord,  or  more  frequently  the  hip  nerve  in  their  guinea  pigs;  Westphal 
tapped  them  on  the  head  with  a  hammer  once  or  several  times. 

liie  moat  marked  results  of  these  interferences  consist  in  epileptic 
cramps,  as  well  as  an  occasional  change  of  the  eyeball,  namely,  a 
whitish  dulling  of  the  cornea  and  protrusion.  These  changes  pro- 
duced by  disease  are  found  again  in  a  part  of  the  progeny;  even  the 
second  generation  possesses  at  times  a  tend^icy  to  epileptic  attacks 
from  the  first  without  a  repetition  of  the  operation.  These  experi- 
ments have  since  been  twice  tested;  first,  by  Sommer  with  completely 
negative  results;  but  this  can  scarcely  be  considered  conclusive  on 
account  of  the  limited  amount  of  material  experimented  upon;  and 
second,  by  Macisza  and  Wrzosek,  in  which  the  older  observations 
were  completely  verified  and  their  scope  only  slightly  restricted  by 
the  fact  that  incomplete  attacks  could  be  produced  in  a  few  healthy 
young,  from  normal  parents,  a  fact  not  observed  by  any  of  the  previous 
investigators. 

As  r^ards  the  inheritable  transmission  of  protection  agunst  bac- 
terial or  other  toxins,  we'have  the  pioneer  experiments  of  Ehrlich, 
now  famous  for  his  remedy  for  syphilis,  on  mice  protected  agunst 
rizin  and  abrin;  also  t^ose  of  Tizzoni  and  Cattaneo  on  mice  protected 
against  tetanus  and  rabbits  protected  against  hydrophobia;  finally, 
those  of  Behring  upon  rabbits  protected  against  ^phtheria;  but  these 
are  not  quite  beyond  challenge,  since  the  transmission  of  toxin  resist- 
ance upon  the  progeny  was-then  observed  only  when  both  parents,  or 
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at  least  the  female,  was  protected  against  toxma  and  not  when  the 
male  alone  possessed  this  peculiarity.  The  doubt  was  therefore  not 
excluded  that  the  tranamission  may  have  taken  place  not  by  true 
inheritanoe  of  the  undeveloped  genu,  but  later  through  the  placenta, 
or  even  by  way  of  the  milk  of  the  mother,  while  nursing.  The  latter 
possibility  appeared  all  the  more  reasonable,  since  analagous  experi- 
ment by  Lustig  upon  chickens  protected  against  abrin  in  which  both 
of  the  questioned  sources  of  error  were  eliminated  yielded  com- 
pletely negative  results.  But  final  positive  proof  was  furnished  by 
experiments  made  by  Gley  and  Charrin,  who,  by  t^e  use  of  rabbits  and 
the  toxin  produced  by  the  pua-ptoducing  BaeiJhti  pyocyaneits, 
adiieved  that  which  Ehrlich  and  his  followers  had  been  unable  to  do, 
namely,  the  transmission  of  the  resbtance  by  immunity — in  this  case 
against  a  disease-producing  poison  produced  by  bacteria — through  the 
male  alone. 

This  wonderful  new  result,  tc^ther  with  all  those  previously 
attained,  opens  an  entirely  new  path  for  the  improvement  of  our 
race,  the  purifying  and  strengthening  of  all  humanity — a  more 
beautiful  and  wortiiy  method  than  that  advanced  by  fanatic  race 
enthusiasts,  which  is  based  upon  the  rdentlees  struggle  for  existence, 
through  race  hatred  and  selection  of  races,  which  doubtless  are  thor- 
oughly distasteful  to  many.  This  will  never  save  human  society 
from  degeneration;  it  will  not  qualify  man  for  greater  efforts  or 
higher  aims.  These  must  be  acquired  solely  and  alone  by  our  own 
labor  toward  a  well-determined  end.  If  acquired  characteo^,  impres- 
sions of  the  individual  life,  can,  as  a  general  thing,  be  inherited, 
the  works  and  words  of  men  undoubtedly  belong  with  them.  Thus 
viewed,  each  act,  even  each  word,  has  an  evolutionary  bearing. 
The  acquiring  of  new  characters  may  prove  an  inherited  burden  if 
unhealthy  conditions  and  overindulgence,  or  lack  in  all  things,  or 
bad  passions  ruin  our  body,  and  therefore  our  reproductive  cells, 
so  that  even  good  germs  become  strangled  in  it.  But  the  active 
striving  for  definite,  favorable,  new  qualities  will  in  a  like  manner 
yield  the  power  to  transmit  the  capabilities  which  we  have  acquired, 
the  activities  which  we  have  busily  practiced,  tlie  overcoming  of  trials 
and  illness — will  leave  somewhere  their  impress  upon  our  children  or 
our  children's  children.  Even  if  ever  so  much  weakened;  even  if 
only  in  disposition  or  tendency,  not  in  completed  form;  even  if  com- 
pletely concealed  for  generations,  some  reflection  of  that  which  we 
have  been  and  what  we  have  done  must  be  transmitted  to  our 
descendants.  We  know,  unfortunately,  all  too  little  about  this,  be- 
cause well-planned  breedii^  experiments  are  impossible  in  man,  and 
because  statistical  investigation,  which  we  offered  in  their  place,  is 
frequently  full  of  error.  We  are  therefore  forced  to  draw  our  con- 
clusions from  the  better-known  case  of  the  plants  and  animals;  and 
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juab  Buch  cases  make  it  seem  probable  that  our  descradaots  will 
learn  quicker  what  we  knew  well;  will  execute  easier  what  we  accom- 
plished with  great  effort;  will  be  able  to  withstand  what  injured  us 
almost  to  the  point  of  death.  In  a  word,  where  we  sought,  there 
they  will  find;  where  we  began,  there  thej  will  accomplish;  and  where 
we  are  still  fightmg  witli  uncertain  results,  there  they  will  be  victo- 
rious. 

EXPLANATION  OP  PLATE  FIGURES. 

Fio.  1. — SHpptT  atdmalaeuU  (Paiamaecium), — I,  Dormol,  more  enlarged,  and  les 
Hchematic;  la,  oBepriiig  nwultdng  by  fiBdon  from  an  ezunple  which  has  been 
diatortod  by  hunger,  every  time  one  offspnog  with  a  homUke  proceee;  lb,  incom- 
plete fission  the  fission  products  remain  attached  to  each  other.  (After  Jennings 
and  McClendon,  from  Frzibram'e  Eiperimentalzoologie,  vol.  3.) 

FiQ.  2.~AeQlosoma  hemprUMi. — Upper  left-hand  figure  normal  worm,  T,  budding; 
a,  a  worm  in  which  the  end  was  cut  o5,  in  spite  of  which  a  new  worm  is  bud- 
ding in  aT;  b,  bud  fused  witb  the  stem  part,  in  bT,  producii^,  in  spite  of  this, 
anoUiernomial bud.    (After StoK,  from  Przibram's  Experimentalzoologie,  vol.3.) 

Fia.  S.^Jumbricuha.— Above  normal  worm  A5  anterior,  B5,  posterior  segments, 
which  are  cut  away  and  produce  tails,  a,  b;  in  a  and  b  these  separated  tails  have 
acquired  new  heads;  in  a  and  b  the  latter  have  each  grown  another  set  of  tails. 
(After  Morgulis,  from  Przibnun's  Expertmentalzoologie,  vol.  3.) 

Fi<3.  4.— The  approach  of  the  Salinecnistacean  (Artemia)  (I)  to  Bianchipus  (2). 
When  the  saline  contents  of  medium  an  reduced,  la-/,  giadationa  of  the  pos- 
terior s^ment  of  the  abdomen  of  the  Salinecnistacean ;  2g,  posterior  segment  of 
the  abdomen  of  Branchipus.  (After  Schmankewitach,  from  Przibram's  Ezperi- 
mentalKOologie,  vol.  3.) 

Fto.  6. — A  water  flea  (Hyalodaphnia).  To  the  left  high,  right  low  helmed  females, 
with  eggs  in  the  brood  pouch.  In  the  middle  are  the  results  of  three  experi- 
ments (l-IIl),  represraited  by  sketches  of  the  head  outline;  aa,  femalee;  bb, 
yom%.    (After  Ostwald,  from  Przibram's  Experimantalzoologie,  vol.  3.) 

Fig.  e.^Vital  staining  in  the  moth  TiT\a>ta  bitellitlla.~A  caterpillar  stained  with 
'Sudan  red.  S,  colored  egg,  deposited  by  a  moth  developed  from  the  stained 
caterpillar;  b,  normal,  colorlen  egg.  (After  Sitowski,  from  Przibram's  Expeii- 
mentalzoologie,  vol.  3.) 

Fio.  7. — Changing  the  small  willow  leaf  beetle  {Phraiora  vitMmai)  from  a  smooth 
leaf  (A)  to  a  strongly  woolly  willow  leaf  (a).  In  B  most  of  the  egge  have  been 
deposited  upon  the  original  food  plant  (above);  in  b  the  ^gs  have  been  placed 
upon  the  new  food  plant.  Analog  in  C,  c,  D,  in  which  an  increasing  number 
of  ^gs  are  deposited  upon  the  new  food  plant.  The  numerical  difference  in 
the  number  of  the  ^gs  deposited  is  indicated  by  the  number  of  circles  alongside 
of  the  twigs.  To  the  right  below  is  the  beetle.  (After  Schrdder,  from  Pnibram's 
Experimentalzoologie,  vol.  3.) 

Fta.  8.— Development  and  metamorphosiB  of  an  ordinary  frog,  a,  freshly  depomted 
e^is;  b,  with  swollen  capsule;  e,  before  hatching;  d,  freshly  hatched  larva;  e, 
with  external  gilla;/,  external  gills  retrogresdng;  p,  ft,  footless  larva  witb  internal 
gills;  t,  larva  with  hind  l^^a;  h,  with  the  beginning  of  front  1^;  I,  with  all  four 
1^;  m,  after  discarding  the  homy  jaw  and  almost  complete  shriveling  of  llie 
tail.    (After  Brehm.) 

Fio.  9.— Adaptation  of  the  midwife  toad  (Alyta  obtUtrtcoTu).  2,  normal  devek^ 
ment;  a,  egg;  h,  fredily  hatched  larva;  e,  two-l^ged  d  four-legged  larva;  e, 
newly  developed  toad;  3,  lung  of  larva;  «,  lung  of  complete  toad.  3,  develt^ 
ment  iroia  "giant  oggfi";  o,  «gg;  &,  newly  hatched  larva;  C,  newly  hatched  off* 
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spring  wiQiout  DD  with  continued  development  from  giant  eggs.  4,  develop- 
ment from  "aqu&tic  eggs;  a,  ^g";  h,  newly  hatched  young,  alongside  of  which 
ia  its  head  with  one  pair  of  external  gills;  C,  in  the  aune  way  the  larva  of  the 
first;  D,  the  fourtli  genemtbn  (here  with  three  pairs  of  gUls).  6,  land  larva; 
6C,  offspring  of  same;  6a,  land  larva,  young.  6,  giant  larva;  d,  sexually  mature 
larva;  6a,  lungs  of  same;  6C,  the  otFspring  of  same.  (After  Eammerer,  from 
Fnibiam's  Experimentalioologie,  vol.  3.) 

FiQ.  10.— CronlngB  between  normal  and  changed  midwife  toads.  7,  normal  brooding 
'■u^(J)i^lb<^^'&''S^i^'^^(lBP'^t^>'iS'B'>^B(?)-  8|  normal  landdepodling 
female  (9),  with  changed,  nonbrooding  male  (J).  P,  parents;  ^i,  children; 
Ft,  grandchildren.  (After  Eammeier,  from  Frsibiam's  Experimentakoologie, 
vol.  3). 

Fio.  11.— Scheme  of  inheritance  according  (o  the  Uendelian  or  prevailing  law.  P, 
parents;  Fi,  children;  F^,  great-grandchildren. 

Ito.  12. — Color  adaptationof  the  fire salainander(£aI(nna)i(framaeuIoM)  to  yellow  earth 
and  the  tranamisrion  of  this  adaptation  with  the  appearance  of  a  symmetric 
color  pattern  in  the  daughter  generation.  "P~  line,"  F^-  line,  denote  the  color 
changing  process  of  a  single  parent  pair  of  parents  (P,  parents  -.^i).  Hie  time 
element  in  each  two  stages  of  the  P- line  requires  two  years,  that  of  the  J\-Iine, 
one  year.    (After  Kammerer.) 

Fio.  13. — Color  adaptation  of  the  fire  salamander  (SaktmanJra  mieulota)  to  black 
garden  earth  and  the  transmission  of  this  adaptation  with  the  appearance  of  a 
symmetric  color  pattern  in  the  dau|^ter  generation.  All  details  as  in  figure  12, 
which  see.    (After  Kammerer.) 
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Fig.  11.— Scheme  of  Inheritance.    (Explanation  on  Page  440.) 
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THE  PALEOGEOGRAPHICAL  RELATIONS  OP  ANTARCTICA.* 


By  CHABLxa  Hedut,  F.L.8., 
Auitlant  Curalor  of  the  AuitnUan  Muttum,  SgAt^,  Xev  Sttuth  Wait*. 


1.  INTRODUCTION. 

Testiinony  in  support  of  Blteration  in  temperature  &nd  contour  of 
Tertiary  Antarctica  is  almost  wholly  based  on  a  comparison  of  the 
liTing  fauna  and  flora  of  surrounding  countries.  While  biologistt 
in  general,  led  by  Wallace,  Sclater,  and  Hutton,  opposed  the  idea 
of  an  extended  and  habitable  Antarctica,  geographers  hesitated  to 
adopt  an  hypotheBia  the  ailments  for  which  lay  in  a  foreign  field. 
But  of  late  years  most  of  those  engaged  in  its  discussion  have  been 
Bupportera  of  extension,  so  that  the  theory  has  advanced  from  the 
position  of  a  disparaged  heresy  to  that  of  an  established  view. 

Accustomed  to  rely  on  biological  endence  in  the  form  of  p&leon- 
tol<^7  for  important  and  far-reaching  generalizations,  geology 
may  now  accept  from  biology  this  theory  of  former  Antarctic  exten- 
sion. Thereby  is  acquired  a  correlation  of  climate,  of  time,  and  of 
continental  change,  while  incidentally  a  new  light  is  thrown  on  the 
question  of  the  permanence  of  ocean  basins. 

It  seemed  nothing  unusual  to  find  a  similar  fauna  and  flora,  even 
to  the  extent  of  a  large  proportion  of  identical  species,  on  the  sub- 
antarctic  islands  all  around  the  world.  But  collectors  working  in 
South  Temperate  and  even  in  South  Tropical  Zones  were  surprised  to 
find  related  species  and  genera  in  opposite  hemispheres.  This  corre- 
spondence is  more  pronounced  in  primitive  groups  and  grows  clearer 
southward. 

First,  it  was  realized  when  the  famous  botanist,  Sir  J.  D.  Hooker^ 
pointed  to  the  distribution  of  the  southern  pines  as  indicating  a 
common  origin,  looker,  London  Journal  of  Botany,  voL  4,  1845, 
p.  137.) 

The  relations  of  a  southern  fauna  linking  Australasia  to  South 
America  were  sketohed  firm  and  clear  by  a  master  hand  in  Prof. 
Huxley's  essay  on  the  classification  and  distribution  of  the  gallina- 
ceous birds.     (Huxley,  Proc.  Zool.  Soc.  1868,  p.  294.) 
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According  to  Ortmann,  first  RQtimeyer  definitely  proposed  radia- 
tion from  Antarctica  as  the  solution  of  the  problem.  (Rfttimcyer, 
Ueber  die  Herkunft  unserer  Thiwwelt,  1867,  p.  15.) 

Out  knowledge  of  this  subject  was  much  aidvanced  hy  Dr.  H.  O. 
Forbes.  (Forbes,  Roy.  Oeogr.  Soc.  Suppl.  PapuB,  m,  1893.)  Start- 
ing &om  the  fossil  arifauna  of  tho  Chatjiam  Islands,  he  reviewed  the 
community  of  southern  faunas  and  interpreted  it  by  antarctic  dis- 
tribution. Aa  the  means  of  dispersal  he  mapped  a  vast  continent 
stretching  continuously  from  Madagascar  to  South  America  and  Fiji 
during  the  "northern  glacial  epoch." 

It  was  suggested  by  the  present  writer  that  a  far  smaller  area  of 
continental  land,  of  an  earher  date  and  of  unstable  form,  was  indicated 
by  its  surviving  refugees  (Hedley,  Proc.  Roy.  Soc.  N.  S.  Wales,  vol. 
29,  1896,  p.  278),  and  that  the  last  Antarctic  phase  as  refiected  by 
these  might  be  expressed  in  arms  reaching  on  one  side  to  Tasmania, 
on  the  other  to  Cape  Ifom,  while  previous  phases  may  have  been 
represented  by  other  rays  extendii^  to  New  Zealand,  Madagascar, 
C^lon,  and  perhaps  South  Africa. 

A  study  of  terrestrial  and  fluviatile  mollusca  induced  Ancey  to 
subscribe  to  these  suggestions.  (C.  F.  Ancey,  Joum.  de  Conch., 
vol.  49,  1901,  p.  12.) 

Dr.  Ortmann,  while  investigating  the  South  American  Tertiaiy 
invertebrates,  accepted  my  amendments  to  Forbee's  proposition. 
To  a  clear  exposition  of  the  subject  he  added  a  map  and  biblio- 
graphy. (Report  Princeton  University  ExpetUtion  to  Patagonia, 
vol.  4,  pt.  2,  1902,  pp.  310-324.) 

The  distribution  of  southern  earthworms  was  discussed  by  Prof. 
W.  B.  Benham.  (Proc.  Auatr.  Assoc.  Adv.  Sci.  1902,  pp.  319-343.) 
In  bis  opinion  the  Acanthodrilids,  a  primitive  group,  originated  in 
New  Zealand  and  spread  by  way  of  Antarctica  to  South  America. 
He  emphasized  the  fact  tJtat  the  union  they  indicated  between 
Antarctica  and  New  Zealand  was  not  synchronous  with  the  Auatra- 
liim  connection. 

Examining  the  mammalian  fauns  A.  Qaudry  considered  that 
tmleas  Tertiary  Patagonia  was  united  to  Antarctica  its  paleonto- 
logical  history  would  be  incomprehensible.  (Compt.  Rend.,  vol.  141, 
lOOfi,  p.  806.) 

From  a  study  of  the  fresh-water  Crustacea  of  Tasmania,  Mr. 
Qeoffrey  Smith  concludes  that  certain  elements  of  this  fauna  '  'reached 
tbor  present  range  by  means  of  an  Antarctic  connection  between  the 
southernmost  projections  of  Australia,  South  America,  and  New 
Zealand."  CTrana.  linn.  Soc.  Lond.,  ser.  2,  Zool,,  vol.  9,  1909, 
p.  67.)  His  analysis  revealed  the  presence  in  Tasmania  o(  anotber 
element  which  he  derived  from  the  northern  hemisphere  and  which 
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ha  BuppcHed  to  have  traveled  down  the  Andean  Chain  and  crossed  to 
Australasia  by  the  Antarotio  route. 

Summing  up  a  biological  examination  of  the  southern  islands  of 
New  Zealand,  Prof.  C.  Chilton  condudea:  "The  evidence  pointing  to 
former  eztansioiis  of  land  from  the  Antarctic  Continent  northward, 
and  to  the  warm  climate  that  was  enjoyed  by  this  continent  in  early 
Twtiaiy  times,  seems  to  offer  a  fairly  satigfactory  explanation  of  the 
facts  before  ua."  (Subantarctic  Mauds  of  New  Zealand,  vol.  2, 
1909,  p.  467.)    A  full  bibliography  is  included  in  this  article. 

Finally,  Osbom  describee  the  hypothetical  reconstruction  of  Ant- 
arctica as  "one  of  the  greatest  triumphs  of  recent  biological  investi- 
gation,"    ("The  Age  of  Mammals,"  1910,  p.  75.)' 
2.  ARGUMENT. 

The  distribution  records  of  recent  and  fossil  species  upon  which 
the  generalizations  of  the  foregoing  authors  depend  have  never  been 
denied.  Indeed,  they  continue  to  increase  with  the  progress  of 
science. 

To  other,  and  usually  earlier,  authors  these  views  presented  two 
inaup^able  difficulties.  One  is  the  extreme  change  in  climate  which 
fonnerly  permitted  temperate  and  subtropical  animals  and  plants  to 
exist  where  cold  is  now  so  intense.  The  other  is  the  demand  for  the 
existence  of  Tertiary  land  where  an  ocean  now  extends  so  broad  and 
deep  as  that  between  Antarctica  and  Tasmania  or  New  Zealand. 

To  evade  these  difficulties  and  yet  explain  existing  distribution  the 
following  three  alternatives  have  been  advanced: 

I. 

That  decadent  groups  were  expelled  from  their  original  seats  by 
more  vigorous  competitors;  retreating  from  a  northern  center  to  the 
ttids  of  the  earth,  such  groups  divided  into  fugitive  parties  which  con- 
vei^ed  as  southern  lands  approached  the  pole.  Or  discontinuous 
distribution  in  southern  continents  were  simply  considered  remnants 
of  a  former  universal  distribution.  (Wallace,  "The  Geographical 
Distribution  of  Animals,"  vol.  1,  1876,  p.  398;  Ffeffer,  Zool.  Jahrb. 
Suppl.  vol.  8,  1905,  pp.  407^42.) 

But  whereas,  under  the  circumstances  postulated,  the  northern  wan- 
derers would  be  expected  to  diminish  and  to  vary  as  they  receded,  the 

■  While  thh  aiticle  vu  In  ths  press  thera  nachad  me  ux  Important  mamolr  by  Dr.  PQsuy  on  "The 
Koi-lCulneUollniQaaf  PBtiCanIk"  <It«p.  PrtaoKon  Unlv.  BQ*d.  PatagimJa,  m,  UI3,  pt.  v,  pp.  Cl^ 
S33.)  Uy(tlandeaoaidenAtit*tttloaimth«tusrgadlMmIgr*tkio,cspootaU7anAmerk»oexll,ttuw«ia 
Mnttr  of  evolution.  He  takes  exception  to  my  derivation  of  Aoatrellan  tJsavUm  from  Antarctica  and 
tdfttstiUiattiieironpannelnOaidiraniLand.  rinTwimrtj— ttii.iiiiniHrtaiim,|ntf|<nfh.nh..niith- 
eastwardly  bcraarfllf  dtalilliutlDn  of  Australian  Acaridn  Indicates  Ibeir  Immedlala  Antarctic  origin. 
ButpraTtouatoanAnkrctloaoIsura  the  group  may  have  been  Oondvana  bred-  Thla  memoir  heightens 
tbamemUaooabatwaaaeaitand west.  amUlaeUa,DIj>todm,iitiSailedltu*u»<ionaana,PM*riimt 
■nroal;  dllleia  from  LUtaUina,  and  PalaaicaMi  appears  lo  have  TaamailiaD  relatlvis. 
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Bouthem  forms  in  questian  became  more  alike  and  more  numerous 
proceeding  south.  Thus  radiation  rather  thanconTeigence  is  indicated. 

n. 

That  birds,  winds,  or  circmnpolar  currents,  by  a  proceaa  of  picking 
up  and  setting  down  passengeis  from  the  continents  or  islands  hy  the 
way,  established  a  imifornuty  of  fauna  and  Sora.  Thus,  Dr.  Ifichael- 
son  writes  (Joum.  West.  Aust.  Nat.  Hist.  Soc.,  vol.  5,  July,  1908,  p. 
13):  "There  is  no  need  for  the  supposition  of  an  ancient  great  Ant- 
arctic continent  which  connected  Australia  and  South  America,  as 
some  scientific  men  still  suppose.  Certain  littoral  Oligochsata,  con- 
sistir^  of  euryhaline  forms,  for  which  the  salt  sea  ia  no  barrier,  can  be 
transported  by  the  west  wind  drift  over  the  stations  on  the  different 
islands  lying  between  one  continent  and  another." 

The  flora  of  the  circumantarctic  islands,  as  instanced  by  Eerguelen, 
was  thought  by  W.  Schimper  to  have  been  conveyed  by  sea  birds  and 
ocean  drift  (Schimper,  Wissenschaft.  Ergebn.  Valdivia,  vol.  2,  1905, 
p.  75).  Although  this  might  apply  to  species  which  recur  through 
several  archipelagoes,  such  would  not  explain  the  presence  of  endemic 
plants  and  on  Kerguelen  the  occurrence  of  an  endemic  snail,  Amphi- 
doxa  liooken. 

Such  transport  accoimts  only  for  a  wide  range  of  individual  species 
capable  of  air  or  water  carriage.  It  has  doubtless  been  a  small  but 
real  factor  in  distribution.  But  it  does  not  account  for  the  existence 
of  related  and  representative  species,  for  the  subtropical  element,  or 
for  the  species  incapable  of  such  conveyance.  Prof.  W.  B.  Benhara 
raises  the  objection  that  a  species  might  drift  yet  never  land:  "When 
I  stood  at  the  top  of  the  sheer  cliffs,  some  500  feet  to  1,000  feet  in 
height,  which  form  the  whole  of  the  west  coast  of  Auckland  Island 
and  saw  the  tremendous  breakers  which  even  in  moderately  calm 
weather  dash  with  incredible  force  against  the  rocks,  I  was  more  than 
ever  convinced  that  the  west-wind  drift  can  not  account  for  the 
transference  of  Oligochseta  from  the  various  land  surfaces  of  this 
subantarctic  region."  (Benham,  "Subantarctic  Islands  of  New  Zea- 
land," vol.  1,  1909,  p.  254.) 

m. 

That  a  trans-Pacific  contineDt  ctHtveyed  to  New  Zealand,  Australia, 
and  South  America  a  common  stock  oUierwise  recognized  as  the  AjA- 
arctic  element.  (Hutton,  Froc.  Linn.  SocN.S. Wales, toI.21,  1896, 
p.  36;  Baur,  "American  Naturalist,"  vol.  31,  1897,  p.  661.) 

This  alternative  seems  the  weakest.  Had  a  trans>Pacific  bridge 
really  disseminated  the  species  under  discussion  then  they  should  be 
best  developed  in  the  central  remaining  portion  (for  instance,  in 
Tahiti  or  Samoa)  and  least  at  the  extremity  (as  in  Chile  or  Tasmania). 
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Actually  the  reverse  is  the  case.  South  America  is  the  most  closely 
associated  with  Tasmania,  then  New  Zealand  is  less  so,  and  the  mid- 
Pacific  islands  not  at  all. 

Those  who  consider  the  demand  for  land  between  Tasmania  and 
Antarctica  as  exorbitant  are  not  consistent  in  askiag  so  much  larger  a 
grant  in  the  Pacific. 

Another  difficulty  is  why  that  South  American  contingent  which 
flooded  Twtiary  Antarctica,  and  then  Australia,  failed  to  include  such 
charactoistic  South  American  fauna  as  the  humioing  birds,  jJatyrhine 
monkeys,  hystricomorph  rodents,  edentates,  or  notoungulates.  Dr. 
Ton  Jhering  explains  (Trans.  N.  Z.  Inai,  vol.  24,  1891,  p.  431,  and  N. 
Jahrb.  f.  Mineralogie,  etc.,  Beil.-Bd.,  toI.  32,  1911,  p.  173,  pi.  y)  that 
two  former  subcontinents  of  late  Mesozoic  or  early  Tertiary  age  are 
now  fused  in  the  present  South  America.  Betore  the  rise  of  t^e 
Andes  these  were  separated  from  each  other  by  a  broad  sea  and  main- 
tained distinct  fauna  and  flora.  The  southern  tract,  which  he  calls 
"  Archiplata,"  comprised  what  is  now  Chile,  Ai^entina,  and  southern 
Brazil.  The  northern  area,  called ' '  Aichiguyana,"  embraced  northern 
Brazil,  Venezuela,  and  Guiana. 

It  was  from  Archiplata  that  the  last  phase  of  Antarctica  had  its 
American  derivatiTes,  and  that  at  a  time  when  many  formB  now 
regarded  as  typically  South  American  had  not  yet  reached  Archiplata. 
Not  until  after  Antarctica  was  released  from  Archiplata  did  the  latter 
join  Archiguyana,  and  then  the  southern  fauna  suffered  the  usual  fate 
from  the  incursion  of  the  more  highly  organized  northern  types. 

S.  THE  AUSTRAL  FAUNA  AND  FLORA. 

More  space  than  is  here  available  would  be  required  to  enumerate 
the  Antarctic  refugees  in  austral  lands.  A  few  of  the  more  striking 
instances  are  now  selected. 

Recent  marsupials  axe  restricted  to  Australasia  and  to  the  Americas, 
the  monotremes  to  the  former.  It  seems  to  have  been  assumed  gen- 
erally that  marsupials  necessarily  had  a  European  origin  and  traveled 
across  Iberia  to  North  America.  A  shorter  connection  between 
western  Europe  and  South  America  by  way  of  Archhelenis  is  at  any 
rate  worth  debate.  Had  the  entry  to  Australia  been  hy  the  Malay 
Archipelago,  as  opponents  of  the  Antarctic  hypothesis  advance,  then 
str&^lers  by  the  way  should  have  lingered  in  the  East  Indies.  In 
Australasia  marsupials  and  monotremes  are  least  developed  in  the 
north;  proceeding  southward,  more  groups  successively  appear,  till 
ultimately  Tasmania  has,  as  Prof.  Spencer  expressed  it,  "a  condensa- 
tion of  most  that  is  noteworthy  in  the  Austrslian  region."  (Spencer, 
Proc.  Austr.  Assoc.  Adv.  Sci.  1892,  p.  106.)  Indeed,  the  most  con- 
vincing proof  of  the  Antarctic  theory  is  the  fact  that  in  Australasia  the 
South  Ainerican  afBnities  r^ularly  increase  as  Tasmania  is  approached 
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and  there  attain  their  maximum.  Those  who  deny  marsupial  migra- 
tion  across  Antarctica  are  obliged  to  assume  that  the  liiylacinidie 
were  independently  evolved  in  each  hemisphere.  That  Tasmania  was 
the  point  of  entry  is  supported  by  the  discovery  in  Tasmania  of  the 
earliest  fosaH  Australian  marsupial.  This,  Wynyardia  haaaiana,  ia 
apparently  one  of  the  PhalangBridre,  but  the  unique  example  is  too 
imperfect  for  positive  identification.  (Spencer,  Proc.  Zool.  Soc.  1900, 
p.  776.)  Local  geologists  class  the  stratum  in  which  it  occurred  as 
Eocene,  but  Gn^ish  and  American  geoI(^;ista  are  less  disposed  to  grant 
these  beds  such  antiquity. 

If  marsupials  had  not  been  avaUable,  the  case  could  have  been  made 
as  dear  from  herpetological  evidence.  And,  indeed,  were  the  verte- 
brata  disregarded,  the  hypothesis  could  still  be  as  well  established 
from  the  invertebrata  or  the  planta. 

Among  the  reptiles,  50  genera  of  the  Iguanidie  are  known,  all  of 
which  are  confined  to  the  New  World,  chiefly  South  America,  except 
one  genus  in  Fiji  and  two  in  Madagsscu-.  Australian  snakes  are 
divisible  into  the  venomous  and  the  nonvenomoua  groups.  All  the 
venomous  are  of  the  family  Elapidie,  related  to  South  American  types; 
they  focus  in  Tasmania,  where  nonvenomous  snakes  are  absent.  The 
nonvenomous  snakes  are  of  Asiatic  or  Papuan  affinity,  and  focus  in 
North  Queensland.  The  majority  of  Ausb^lian  fn^  are  also  akin 
to  South  American  forms. 

A  family  of  large  snails,  conspicuous  for  the  size  and  beauty  of  the 
"shell  and  distinct  in  structural  features,  called  by  Dr.  Pilabry  the  Ma- 
croogona,  has  the  following  distribution:  In  South  America,  chiefly 
tropical,  Macrocyclis  1  species,  Strophochilus  51  species,  and  Gonyo- 
stomus  5  species;  in  Madagascar,  Ampelita  54  spedes  and  Helico- 
phanta  19  species;  in  the  Seychelles,  Stylodonta  2  species;  in  Ceylon, 
Acavus  7  species ;  in  the  Moluccas,  Pyrochilus  4  species ;  in  Tasmania, 
Anoglypta  1  species  and  Caryodes  1  species;  in  Eastern  Australia, 
Pedinogyra  1  species  and  Panda  4  species.  The  Chilian  Marcrocyclis 
and  the  Queensland  Pedinogyra  by  shell  characters  pair  together, 
whfle  Helicophanta  is  a  match  for  Panda.  The  absence  of  this  family 
&om  New  Zealand,  its  preponderance  of  species  in  Madagascar,  of 
genera  in  Tasmania  with  Australia,  and  its  developmmit  in  the  Tropics 
are  remarkable  characters  of  this  old  austral  group. 

The  snail  family  Bulimulidie  is  characteristic  of  South  America, 
beyond  which  two  genera  stray  into  tie  West  Indies  and  North 
America,  and  two  others,  Bothriembryon  and  Placostylus,  occur  in 
Australasia.  The  first  ranges  from  Tasmania  to  West  Australia,  and 
forms  an  exception  to  Antarctic  rule  by  having  its  distribution  center 
in  the  latter.  Indeed,  Bothreimbryon  and  the  fluviatile  crustacean 
Chceraps  raise  a  suspicion  that  West  Australia  had  direct  relations 
with  Antarctica  prior  to  and  independent  of  the  Tasmanian  Isthmus. 
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FltwMiatylus  eztendB  from  New  Zealimd  to  Fiji  and  New  Guinea, 
"giving  testimony,"  as  Filsbry  rema^,  "to  the  former  existence  of 
an  Antarctic  land  connecting  the  austral  continents  of  the  two  hemi- 
sphereB."     (Man.  Conch.,  Indent,  vols.  10-14,  1902,  p.  ix.) 

The  Buprestidffi,  a  family  of  laige  and  handsome  beetles,  exhibit  a 
striking  affinity  between  Australia  and  South  America;  so  much  so 
that,  opposed  as  Wallace  was  to  tiie  Antarctic  connection,  he  here 
conceded  that  some  exchange  between  the  two  areas  was  required. 
He  thought  that  it  took  the  form  of  larvte  in  floating  timber  drifting 
round  the  Antarctic  seas  in  a  warm  period. 

Among  early  Tertiary  vegetation  brought  from  Seymour  Island  in 
the  Antarctic  by  Dr.  Nopdenskjtild's  expedition,  Dus&i  has  recognized 
a  species  of  Fagus  and  an  Araucaria  like  A,  braaiMensia.  (Schwe- 
dische  Sudpolar.  Exp.,  Bd.  Ill,  lief  3,  1908.)  In  the  light  of  this 
discovery  the  range  of  the  living  species  of  these  genera  acquires  an 
importance  for  the  student  of  the  Antarctic  hypothesis.  The  dis- 
tribution of  the  beech  trees  is  a  particularly  interesting  one,  for  on 
the  principle  of  Antarctic  extraision  it  is  simple  and  intelligible,  but 
without  it  is  complicated  and  inexplicable. 

This  genus  Fagus,  eensu  latu,  has  two  representatives  in  Europe, 
one  in  North  America,  and  several  in  China  and  Japan.  But  in 
South  America  there  are  11,  in  New  Zealand  7,  and  in  Tasmania 
with  Australia  3.  The  northern  forms  are  deciduous,  but  with 
one  or  two  exceptions  the  southern  are  evei^reen.  The  genus 
being  a  natural  one  is  certainly  not  of  polyphyletic  origin,  and  the 
question  before  us  is,  from  what  center  of  migration  has  it  spread  "i 
Did  the  southern  species  radiate  from  tbe  south  or  converge  from  the 
north)  It  is  a  stroi^  exgument  for  a  southern  origin  that  the  bulk 
of  the  species  are  southern.  Again,  the  evergreen  state  is  primitive, 
tiie  deciduous  derived,  and  tb^  indicates  that  the  northerners  are 
offshoots  from  an  evergreen  stock.  Thirdly,  the  southern  species 
more  closely  resemble  each  other  than  any  northern  does  any  southern 
form.  Even,  as  Mr.  Eodway  CProc.  Austr.  Assoc.  Adv.  Sci.,  1912) 
points  out,  the  same  parasite  afflicts  Tasmanian  and  South  American 
trees.  This  agrees  better  with  radiation  from  the  south  than  with 
convergence  from  the  north. 

Another  aspect  of  Antarctic  distribution  is  presented  by  ibe  genus 
Araucaria.  None  of  the  15  existing  species  reach  the  Northern 
Hemisphere,  so  the  complication  of  a  boreal  factor  is  absent.  It  is 
chiefly  subtropical  and  characterizes  a  zone  external  to  that  of  Fagus. 
In  South  America  there  are  three  species,  in  New  Caledonia  eight,  in 
Norfolk  Island  one,  in  New  Guinea  one,  and  in  Australia  two.  The 
latter  pair  are  unlike  each  other,  but  one,  A.  advnUi,  from  Queens- 
land, stands  very  close  to  the  Chilean  A.  iitibneaia.  This  indicates 
that  the  genus  had  already  diiTerentiated  almost  to  its  present 
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extreme  before  the  migration  route  between  Australia  and  South 
America  had  closed.  The  lai^e  and  heavy  seeds  of  these  trees  possess 
no  floating  power  and  ere  unfitted  for  dispersal  by  birds.  As  Dr. 
Guppy  remarks  of  the  Fijian  Kauri  pine,  "they  may  well  be  cited  in 
support  of  any  continental  hypothoBis."  (Guppy,  "Naturalist  in  the 
Pacific,"  vol.  2,  1906,  p.  301.) 

The  preponderance  of  Araucaria  in  the  Pacific  is  enforced  by  a 
related  gmus  Agathis.  If  statistics  carry  a  meaning,  Fagus  would 
seem  to  have  come  to  Australasia  from  America,  while  Araucaria 
made  the  reverse  journey. 

The  remarkable  and  well-known  genus  Fuchsia  includes  69  species. 
Four  of  these  are  natives  of  New  Zealand,  the  rest  inhabit  South 
America,  Mexico,  and  the  West  Indies.  These  figures  are  almost 
exactly  reversed  for  the  shrubby  evergreen  Veronicaa,  plants  con- 
spicuous in  any  New  Zealand  landscape,  totally  absent  from  Australia 
or  Tasmania,  and  represented  by  a  few  stra^ers  in  South  America 
and  Fu^;ia. 

4.  DEDUCTIONS. 

If  it  be  resolved  that  the  community  of  austral  life  is  explicable 
only  by  former  radiation  along  land  routes  from  the  south  polar 
regions,  we  reach  a  position  to  probe  deeper  into  the  intricacies  of 
the  problem. 

In  the  scheme  propounded  by  Dr.  H.  O.  Forbes,  the  austral  forms 
inhabited  one  vast  continent,  nearly  a  third  of  the  Southern  Hemi- 
sphere, at  the  same  ( 1  Pleistocene)  time.  But  an  analysis  of  the 
fauna  in  question  shows  that  some  groups  avoid  Tasmania  and  others 
avoid  New  Zealand.  Clearly  the  Antarctica  that  supplied  Australia 
with  an  abundant  fauna  of  marsupials,  monotremes,  snakes,  frogs, 
and  BO  on,  was  not  in  touch  with  New  Zealand,  where  these  animals 
are  conspicuously  absent.  Benham  has  emphasized  the  fact  that  the 
Acanthrodrilids,  Antarctic  earthworms,  failed  to  reach  Tasmania. 
When  they,  the  fuschias  and  other  associates,  spread  backward  and 
forward  from  New  Zealand  to  South  America,  it  is  equally  clear  that 
the  road  to  Tasmania  was  barred  to  them.  Iredale  remarks  (Froc. 
Malac.  Soc,  vol.  9, 1910,  p.  160)  that  the  Antarctic  element  in  the  New 
Zealand  Polypi acophor a,  a  marine  moUuscan  group,  is  distinct  from 
that  which  reached  Tasmania  from  the  south.  Tlie  differences  are 
both  positive  and  negative,  and  are  not  due  merely  to  the  more  south- 
em  latitude  of  New  Zealand  preserving  a  laiger  proportion  of  cold 
types.  When  circumstances  allowed  Iguanldn  to  wandffl'  from  South 
America  in  two  genera  to  Madagascar  and  in  another  to  Fiji,  the 
Australian  road  was  apparently  <^osed  to  them. 

It  becomes  increasingly  apparent  that  the  Antarctic  source  of 
austral  life  was  not  simple  but  compound.    This  complexity  has 
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jffobably  been  the  chief  hindraiice  to  its  recc^nitioD.  The  problem 
before  us  is,  Was  the  complexity  that  of  time  or  apace,  or  both ) 

Stiall  we  suppose,  for  instance,  that  at  the  dose  of  a  glacial  period 
an  Antarctic  continent  bare  of  life  received  a  fauna  and  flora  from 
one  neighbor,  then  developed  an,d  transmitted  it  to  another;  that 
a  subsequent  glaciation  swept  all  life  away  from  the  polar  area; 
that  a  warm  intM^acisI  period  succeeded  when  another  tranafw, 
but  between  different  neighbors,  took  placet  So  that  the  fauna  of 
New  Zealand  might  repree^it  the  life  of  one  intei^acial  Antarctic 
phase  and  that  of  Australia  another. 

Or  ehall  we  consider  that  Tertiary  Antarctica  was  an  archipelago, 
the  islands  of  which  carried  such  different  fauna  and  flora  that 
emigranta  from  one  quarter  differed  from  those  of  another.  It  is 
not  yet  known  whether  the  area  between  King  Edward  VII  Iiand 
and  Graham  Land  is  a  lobe  of  ^e  continent  or  an  archipelago,  or  an 
independent  island.  Qarwin,  Proc.  Boy.  Soo.  A.,  vol.  84,  1910, 
p.  420;  and  MawBon,  Geogr.  Joum.,  voL  37,  1911,  map,  p.  613.) 
In  the  latter  case  it  is  possible  that  King  Edward  VH  liuid  may 
have  joined  New  Zealand,  while  Tasmania  was  separately  linked 
to  South  Victoria  Land.  Under  these  circumstances  New  Zealand 
and  Tasmania  may  have  simultaneously  imported  an  Antarctic  and 
yet  a  different  fauna  and  flora. 

Or  both  conditions  of  interglacial  suooeesion  and  inaularity  may 
have  combined  in  the  past  to  produce  present  ^ects. 

Prof.  H.  Pilsbry  has  shown  (Proc.  Acad.  Nat.  Sci.  Fbilad.,  1900,  p. 
668)  that  the  land  moUuscan  faunas  of  the  Marquesas,  Hawaii,  and 
Society  Islands  are  closely  related,  and  that  though  of  primitive 
type  ibsy  are  harmonic  such  as  befits  continental  land,  not  a  drift 
selection  such  aa  oceanic  islands  have.  He  proposes  them  as  witness 
to  Uw  existence  of  a  Paleozoic  or  early  Mesozoio  land  mass.  The 
tree  lobelias  also  testify  to  the  antiquity  and  association  of  these 
distant  Pacific  archipelagoes.  (Guppy,  "A  Naturalist  in  the  Pacific," 
Tol.2, 1906,  p.  250.)  Their  relations  are  with  the  alpine  floras  of  South 
America  and  equatorial  Africa.  A  third  of  the  mountain  flora  of 
Hawaii  is  derived  from  high  southern  latitudes.  It  is  now  suggested 
that  these  primitive  continental  plants  and  animals  reflect  a  merid- 
ional Pacific  land  ray,  the  first  visible  vestige  of  Antarctic  extension, 
as  Tasmania  was  the  last.  To  cany  a  cold  fiora  across  the  Equator 
the  land  must  have  been  lofty  and  continuous.  In  such  a  range 
some  might  see  the  rib  of  a  former  tetrahedral  world. 

Aa  the  Eocene  was  both  a  warm  period  and  a  time  when  land  was 
lio^ly  developed  in  the  Patagonian  area,  it  is  likely  that  the  Archie 
platan  fauna  then  or  earlier  entered  Antarctica.  If  the  Tasmanian 
fossil  Wynyardia  is  rightly  dated  Eocene,  then  during  that  age  some 
at  least  of  the  American  migrants  reached  Australia. 
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Whereas  New  Zealand  in  its  relation  vith  South  America,  via 
Antarctica,  appears  both  as  a  giver  and  a  receiver,  Australia,  ob 
the  contrary,  seems  to  have  made  no  return  to  South  America,  but 
to  have  received  all  and  ^en  nothing.'  No  Eucalypta,  for  instance, 
crossed  from  Tasmania  to  Patagonia.  One  explanation  may  be  that 
Australia  was  then  too  poor  to  afford  emigrants.  AnothOT  and 
more  probable  explanation  is  that  Antarctica,  having  received  a 
fauna  and  flora  from  Archiplata,  wag  severed  from  it  before  joinii^ 
Australia.  Thus  a  Biream  of  migration  would  be  forced  forwud  and 
checked  backwards. 

The  austral  fauna  and  flora  appears  ^ctendii^  in  suocesaive  zones 
from  the  far  south  to  the  Tropics.  In  New  Zealand  the  warmth- 
loving  plants  and  animals,  such  as  the  Kauri  pine  (a  relation  of 
Araucaria)  and  Placostylus  snail,  have  been  thrust  to  a  northern 
refuge,  while  diminished  temperature  has  probably  exttamiinated 
others.  The  Araucaria  and  iguanas,  the  fresh-water  fish  Osteoglossum. 
are  examples  of  tropicid  austral  forms  of  which  a  long  list  could  be 
compiled. 

It  is  unlikely  that  the  Antarctica  that  boie  this  tropical  and 
subtropical  assembly  reached  mudi  more  broadly  to  the  Tropica 
than  does  the  present  continent.  Had  it  done  so,  more  traces 
would  have  been  left  of  such  extension  in  the  South  Sea  Islands  on 
the  one  side  or  in  South  Africa  on  the  other. 

But  if  the  subtropical  flora  and  fauna  had  in  the  Tertiary  extended 
unbroken  across  the  pole  from  Fuegia  to  Tasmania,  what  then 
became  of  the  ancestors  of  the  present  subantarctic  and  south  alpine 
life  ?  Why  were  not  these  fri^d  forms  driven  from  off  the  face  of  the 
earth  when  thd  heart  of  the  Antarctic  itself  enjoyed  a  genial  climate  t 

The  discovery  by  Sir  E.  Shaokleton  of  a  plateau  10,000  feet  iagh 
near  the  South  Pole  suggests  a  eolution  of  the  difficulty.  If  such  a 
plateau  existed  when  the  climate  was  at  its  warmest,  then  the  tropical 
migrants  could  have  found  a  congenial  climate  on  the  coast,  while 
the  ancestors  of  the  Kosciusko  and  Kei^elen  plants  and  animals 
took  refuge  on  the  plateau  heists.  The  inference  is  that  such  a 
plateau  did  then  exist. 

If  the  land  connection  between  the  Antuvtic  and  Tasmania  had 
broken  down  during  the  warmest  period  of  the  inte^lacial  phase, 
it  would  have  isolated  the  flora  and  fauna  at  a  time  when  the  cold 
elements  were  gathered  together  on  the  central  plateau  heights, 
while  the  temperate  and  subtropical  elements  possessed  the  Antarctic 
periphery.    In  that  case  the  cold  forms  would  have  had  no  oppor- 


I  Ortnuim  (Proc  Am.  FhOos.  Soc,  ru,  l«a,  p.  MO)  conalden  that  tbe  Ireah-iratar  mutacM  FansU 
apKsd  front  Atumlla  loto  Antarctica  and  thoice  Into  Chill.  But  the  dlMrtlratiaa  ot  tbit  gmap  Id 
tralla  w  detailed  by  O.  Smith  (Preo.  Z«oL  8iio.,19U,p.ltt>Bpp«an  to  ma '"'"'■"•  "'<"""<'~"^ 
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ttinity  to  escape  to  the  alpine  stationa  of  New  Zealand  or  Australia, 
or  to  occupy  the  subantarctic  islands. 

The  conclusion  is  therefore  drawit  that  the  land  link  was  nuin- 
tained  during  the  period  of  refrigeration,  and  that  Avm  the  Antarctic 
focus  first  the  subtropical,  then  the  temperate,  lastly  the  alpine 
forms  were  expelled,  eaidi  to  gain  a  fresh  footing  in  lower  latitudes. 

Possibly  associated  with  the  formation  of  great  ice  masses,  a 
paro^Bm  of  diastropluc  energy  ensued.  This,  which  perhaps  has 
not  yet  subsided,  effected  the  destruction  of  the  antarctic  bridge, 
and  to  it  may  be  due  the  recent  disarticulation  of  the  Dominion 
of  New  Zealand  and  the  severance  of  Tasmania  from  its  parent 
continent. 

In  the  long  petspectire  of  past  time  Antarctica  appears  to  fade 
and  form  like  a  summer  cloud,  now  extending  a  limb,  now  sheddii^ 
it,  now  resolving  into  a  continent,  now  di^olving  into  an  archi- 
pelago. At  present  it  lies  dead  and  cold  under  its  white  winding- 
sheet  of  snow.  By  the  light  of  the  magician's  lamp  we  watch  the 
summer  of  the  cycles  dawn.  The  glow  of  life  returns,  the  ice  mask 
melts,  green  spreads  a  numtle.  At  last  a  -vision  comes  of  rippling 
brooks,  of  Hinging  birds,  of  blossoming  flowers,  and  of  forest  glades 
in  the  heart  of  Antarctica. 
86360°— 8M 1912 80 
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THE  ANTS  AND  THEIE  GUESTS.' 


By  P.  E.  WASiiANN,  S.  J., 
IgTvitiui  ColUge,  Vdlkenburg,  Bollond. 


[Witti  10  platea.] 

One  hundred  years  of  biological  iuTestigation  of  ante  have  passed 
eince,  in  1810,  the  Genevan  Peter  Huber  published  his  "Recherches 
BUT  lea  mcours  dea  Fourmia  indigenes."  Tho'efore,  since  "we  cele- 
brate thia  year  a  centenary  of  ant  biology^  let  ua  first  briefly  review 
the  development  of  myrmecology.  Ita  character  is  a  truly  intema- 
Ijonal  one,  in  that  investigators  of  the  most  distinct  countries  and 
nations  have  participated  in  it. 

The  classificatum  of  ants,  already  founded  by  Latreille,  received  a 
new  impetus  through  Gustave  Mayr  about  the  middle  of  the  previous 
century.  Toward  ifa  completion  August  Forel,  Carlo  Emery,  Ernest 
Aiidr6,W,  M.  Wheeler,  Ruzsky,  Santschi,  and  others  hare  distinguished 
themselves,  so  that  we  now  know  more  than  5,000  species  and  sul>- 
species,  living  and  fossil,  in  this  family.  The  aiiatomy  of  ants  has  been 
greatly  advanced  through  the  older  works  of  Meinert,  Forel,  etc.,  and 
particularly  through  the  numerous  publications  of  Charles  Janet. 
Recently  one  has  turned  also  to  the  microscopic  study  of  the  devel- 
opment of  the  polar  bodies  within  the  eggs  of  ants.  However,  that 
which  interests  us  most  here  is  the  development  of  bionomics,  the 
knowledge  of  the  behavior  of  anta. 

The  work  of  the  father  of  biological  ant  study,  Peter  Huber,  has 
been  successfully  continued  by  August  Forel  and  later  by  Budolf 
Brun  in  Switzerland,  by  Carlo  Emery  in  Italy,  by  Sir  John  Lubbock 
(Lord  Avebury)  and  recently  by  Horace  Donisthorpe  in  England,  by 
Gottfried  Adierz  in  Sweden,  by  Emeat  Andr£,  H,  Pifiron,  and  most 
especially  by  Charles  Janet  in  France,  in  North  America  by  McCook, 
later  on  by  Mlsa  A.  Fielde,  Miss  Buckin^am,  and  through  numerous 
important  works  by  William  Morton  Wheeler,  in  Tunisia  by  F. 
Santschi,  in  Algeria  by  V,  Cometz,  in  Russia  by  Karawaiew,  in  Japan 
by  M.  Yano,  in  Brazil  by  H.  v.  Ihering,  E.  Goeldi,  and  G.  Huber,  in 
Germany  by  Viehmeyer,  Escherich,  and  Keichensperger,  in  Belgium 
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by  de  Laimoy  and  Bondroit,  etc.  The  names  of  those  investigstors 
who  have  especially  distinguished  themselTee  in  separate  branches  of 
ant  bionomics — the  knowledge  of  the  relation  of  ants  to  their  guests, 
the  study  of  the  mode  of  foundation  of  the  ant  colonies,  the  develop' 
ment  of  sodal  parasitism  and  of  slavery,  the  invesligatioiis  of  the 
fungus  gardens  of  the  leaf-cutting  ants,  the  construction  of  the  nests 
of  the  highly  interesting  weaver  anta,  who  use  their  larvn  as  weaver's 
shuttles,  etc. — are  much  too  numerous  to  make  their  separate  men- 
tion possible  in  this  brief  space. 

Through  its  rapid  progress  in  all  directions  the  modem  study  of 
ants  has  become  on  the  one  hand  such  a  richly  developed  and  lidily 
ramified  special  science  that  it  is  no  longer  possible  for  the  individual 
investigator  to  master  the  entire  field.  Division  of  labor,  ther^ore, 
more  and  more  took  place,  particularly  also  in  the  investigation  of  the 
myrmecophilous  Arthropoda,  which  demands  the  collaboration  of 
specialists  in  the  most  distinct  classes  and  orders  of  arthropods. 

On  the  other  hand  the  bionomic  science  of  ants,  particularly,  has 
stepped  forth  from  the  confines  of  a  special  science.  Comparative 
psychology  has  in  an  incroased  measure  turned  its  attention  toward 
the  psychological  valuation  of  ant  activities.  The  theory  of  descent 
has  found  among  the  ant  guests  a  multitude  of  interesting  proofs 
for  the  formation  of  new  species,  genera,  and  families  of  insects 
through  adaptation  to  a  myrmecophilous  life.  It  has  also  found  in  the 
hypothetical  phylogeny  of  social  parasitism  and  of  slavery  among 
the  ants  one  of  the  most  instructive  examples  for  the  development  of 
instinct.  Social  science  has  even  made  the  attempt  to  find  in  the 
ant  communitiee  the  prototypes  for  human  social  customs.  But  by 
all  means  it  must  be  considered  here  that  the  ants,  in  spite  of  th^ 
great  analogy  wluch  shows  itself  between  many  activities  of  their 
social  instincts  and  human  intellectual  acts,  are  not  miniature  human 
beii^.  Scientific  ant  study  has  long  ago  withdrawn  from  tiie  roman- 
ticism of  humanization  and  sees  in  tiie  wonderful  accomplishments  of 
the  Uttle  ant  brain  instinctive  activities,  which,  however,  within  cer- 
tain limits,  are  plastically  modifiable  through  sensory  experiences  of 
the  individual.  Science  can  therefore  neither  accept  the  ants  as  mere 
reflex  machines  nor  as  intellectual  miniature  humans.  The  truth  with 
regard  to  the  psychology  of  ants  lies  rather  midway  between  these 
two  extremes. 

For  lack  of  lime  I  must  unfortimately  deny  mysdf  a  more  detailed 
development  of  all  these  highly  interesting  relations  of  ant  biology, 
and  must  limit  myself  to  placing  before  you,  with  the  help  of  stereop- 
ticon  pictures,*  some  especially  fascinating  main  points  in  the  life  of 
the  ants  and  of  their  guests. 

I  Of  tha  40  ifliBtaEnpbIa  luitMO  «Uda  of  Uw  iMtnr*  oDlr  >  part  b  bei*  itpfodnosil. 
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1.-OBGANIMTI0N  OF  THE  ANT  SOCIETIES. 

The  simple  ant  colony  represents  a  family  in  the  narrower  or  wider 
sense.  It  comprises  one  or  more  generations  of  the  descendants  of 
one  or  more  females  of  the  same  species  of  aat.  The  tribal  mother 
ia  the  fertilized  queen,  who  has  founded  the  colony.  The  descend- 
ants are  in  part  wingless  forms  of  the  female  sex,  the  so-called  workers, 
in  part  young  winged  males  and  females,  and  in  part  also  others,  still 
young,  thou^  already  fertilized  and  dealated,  queens.  The  Worker 
cast  may  again  divide  itself  into  different  forms,  namely,  into  true 
workers  and  into  soldiers,  which  latter  are  distinguished  from  the 
workers  by  the  prodigious  structure  of  their  heads  or  mandibles. 
Soldiers  occur  among  our  Falearctic  ants  only  in  a  few  genera 
(Colobopais,  Cataglyphis,  Pheidole).  The  workers  themselves  can 
again  divide  into  large  and  small  indiyiduab,  of  which  the  former  are 
.  sometimes,  as  for  example  in  Camponotus,  veritable  giants  in  com- 
parison with  the  latter.  Hiis  dimorphism  is  much  further  developed 
still  in  exotic  genera,  like  Fheidologethon.  In  some  species  of  ants 
there  are  found  at  the  side  of  the  winged  females,  which  shed  their 
wings  only  after  pairing,  wingless  true  females  as  well,  the  so-called 
ei^toid  queens.  A  typical  example  of  these,  which  was  already 
known  to  Peter  Huber,  is  offered  by  the  amazon  ant  iPolyergua 
rwfeacens)  (compare  fig.  8a).'  In  the  tropical  l^onary  and  driver 
ants  (Eciton  and  Dorylus)  even  wingless  females  alone  occur,  and 
moreover  of  relatively  enormous  size.  In  some  species  of  ants  there 
is  even  a  manyfold  pleomorphism  of  the  females  which  finds  expres- 
sion in  different  transitions  between  females  and  workers.  Much 
rarer  are  the  wingless,  and  then  mostly  workerlike  (ergatoid)  males; 
they  are  known  in  but  few  species  of  ants,  and  occur  either  along 
with  the  normal  winged  males  or  as  the  only  male  form.  An  example_ 
of  the  last  kind  is  shown  in  the  shining  guest  ant,  Formicoxenus  nUi- 
dvlus  (fig.  1),  where  the  males,  on  account  of  their  great  similarity  to 
the  workers,  remained  unnoticed  38  years,  until  Adlerz  discovered 
them  in  1884. 

With  many  species  of  ants  one  can  find  sev^al  queens  together  in 
the  same  colony.  With  our  hill  ant,  Formica  rufa,  their  number  in  a 
single  nest  may  even  reach  toward  100.  Furthermore,  an  ant  colony 
may  possess  several  nests,  which  are  simultaneously  or  alternately 
inhabited.  So-called  seasonal  nests,  which  are  changed  according  to 
the  time  of  year,  have  been  observed,  for  example,  in  Formica  san- 
guinea  and  Prenolepia  longicomie.  By  the  plurality  of  queens  in  a 
single  colony  the  ant  states  differ  strikingly  from  the  states  of  the 
honey  bees.  The  latter  bear  by  comparison  more  a  monarchical,  the 
former  a  repubUcan  character,  since  the  queen  with  the  ants  forms 
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the  center  of  the  iDBtmctive  activities  to  a  much  less  degree  than  with 
the  bees.  The  greater  individual  autonomy  of  the  ant  workere,  in 
compaiison  with  those  of  the  bees,  rests  perhaps  in  lai^e  measure  on 
their  greater  longevity,  which  in  the  Formica  species  is  generally  3 
yeara.  The  duration  of  life  of  the  queens  may  even  exceed  12  years. 
Polymorphism  forms,  it  is  true,  the  organic  basis  of  the  ant 
societies,  establishing  division  of  labor  between  the  members  of  the 
same  colony.  But  the  evolution  of  the  organic-psychic  potentialities 
slumbering  within  the  egg  results  through  the  nursing  instincts  on 
the  part  of  the  workers.  What  is  intended  to  be  a  male  or  a  female 
appears,  similarly  as  with  the  bees,  to  be  aheady  determined  in  ad- 
vance within  the  egg.^  But  upon  the  differentiation  of  the  various 
forms  of  the  female  sex  nursing  has  a  determining  influence.  From 
the  fertilized  eggs  of  one  and  the  same  Formica  queen  there  may  be 
reared  either  winged  females  or  wingless  workers  or  intermediate 
forms.  Particularly  those  mixed  forms  designated  as  pseudogynes,  ' 
which  we  shall  find  to  be  an  effect  of  the  Lomechusa-breeding,  offer 
proof  of  this  explanation. 

2.  SOCIAL  PARASITISM  AND  SLAVERY  AUONQ  THB  ANTS. 

If  the  population  of  an  ants'  nest  belongs  to  a  single  species  of 
ant  it  is  called  a  simple  (unmixed)  colony.  If,  however,  it  is  com- 
posed of  different  species  of  ants,  we  speak,  according  to  Forel's 
example,  either  of  compoimd  nests  or  of  mixed  colonies ;  in  the  former 
the  ants  only  live  side  by  side;  in  the  latter  they  combine  into  a 
single  household  with  common  care  of  the  young.  These  are  the  two 
subdivisions  into  which  the  social  symbiosis  between  ants  of  different 
species  divides.  We  shall  here  only  give  our  attention  to  the  mixed 
colonies,  and  moreover  with  particular  regard  to  the  development  of 
social  parasitism  and  of  slavery.  This  is  one  of  the  most  interesting 
chapters  in  the  phylogeoetic  development  of  instincts  in  the  animal 
kingdom. 

Peter  Huber  had  already  discovered  that  in  the  colonies  of  the 
sanguine  ants  {Forviica  sangumea)  and  of  the  Amazon  ants  {Polyergus 
rufescens)  there  live  in  addition  to  the  master  species  the  workers  of 
a  slave  species,  which  are  robbed  as  pupte  by  the  former  from  the 
nesta  of  the  slave  species  and  are  then  reared  as  auxiliary  ants. 
These  are,  therefore,  slavemaking  (dulotic)  colonies.  But  there  are 
still  other  mixed  colonies  in  which  the  auxiliary  ants  do  not  get  into 
association  with  the  master  species  through  capture;  these  range 
among  the  social  parasites.  Since  Charles  Darwin  (1859)  diverse 
hypotheses  on  the  origin  of  slavery  have  been  proposed.  Becently, 
by  employii^  the  phenomena  of  social  parasitism  for  comparison, 
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some  li^t  at  leut  baa  been  sbed  upou  tbis  iutereetiiig  problem. 
All  inTestigatoiB  agree  that  the  phylogenetic  history  of  social  parar 
sitism  and  of  alavery  in  ants  does  not  represent  a  simple  line  of  devel- 
opment, but  a  niunber  of  different,  parallel  lines  independent  of  each 
other.  But  upon  the  closer  relations  between  social  parasitism  and 
slavery  the  views  deviate  from  each  other.  You  will  therefore  excuse 
it  if  bare  I  follow  only  briefly  my  own  train  of  thought,  as  I  have 
explained  it  more  fully  in  the  Biologisches  Centralblatt,  1909.' 

Let  us  begin  with  the  dependent  foundation  of  colonies  and  its 
relation  to  social  parasitism  and  to  slavery  in  Formica.  The  orig- 
inal method  here  also — as  with  ants  in  general — rmust  have  been  the 
independent  foundation  of  colonies,  as,  for  example,  we  find  it  to-day 
in  the^ca  group.  Here  the  females  (fig.  5a),  siter  the  marriage 
flight,  are  able  to  found  their  new  coloniee  independently;  that  is, 
without  the  help  of  the  workers.  How  have  social  parasitism  and 
slavery  arisen  from  this  root  %  The  first  step  probably  consisted  in 
the  tranffltion  to  an  acervicolous  life  in  the  workers,  through  which 
the  colonies  became  richer  in  individuals  and  could  control  a  lai|^ 
area  suirounding  their  hills,  as  we  see  it  in  the  ru/a  group.  Thereby, 
however,  the  opportunity  was  offered  to  the  femalee  to  found  their 
new  settlements  with  the  help  of  workers  of  their  own  species.  Aa 
a  second  step  in  the  parasitic  and  dulotic  direction  then  followed, 
tbrou^  this  same  means,  in  the  females  of  the  rufa  group,  that  they 
abandoned  the  independent  fotmdation  of  colonies  and  became  de- 
pendent upon  the  assistance  of  woi^ra,  therefore  passing  over  to  the 
dependent  fotmdation  of  colonies.  It  is  in  any  case  a  remarkable 
phenomenon  that  all  parasitic  forms  of  Formica,  of  the  Old  World  as 
well  as  of  the  New,  are  acervicolous  and  belong  to  the  rufa  group 
or  stand  in  nesreet  relationship  to  it.  The  latter  is  also  true  for  the 
dulotic  Bongvinea  group,  which  is  connected  with  the  rufa  group  by 
morphological  transitions.  In  the  rufa  group  we  have,  furthermore, 
biological  transitions  from  the  facultative  mode  of  social  parasitism  to 
the  obligatory.  Formica  rufa  (fig.  2)  and  F.  praimaia  found  their 
colonies  mostly  with  the  assistance  of  workers  of  their  own  species, 
only  facultatively  with  strange  auxiliary  ants  (F.  futca,  fig.  4&). 
'With  Formica  trwieie6la  (fig.  3),  F.  exaeda  (fig.  4a  and  5b),  and  F. 
praaUabria  in  Europe,  as  wdl  as  with  Formica  eonaodana  and  a  series 
of  other  North  Americau  forms  discovered  by  Wheeler,  the  latter  mode 
of  colony  foundation  is  already  obligatory. 

With  several  North  American  parasitic  FormicaB  described  by 
Wheeler,  as  well  as  in  our  Formiea  exaeeta  (fig.  bh)  and  F.  freaaHahria, 
the  small  size  of  the  females  is  striking  and  already  refiresents  a 
further  step  in  the  advance  to  parasitic  adaptation,  while  for  example 

'P<bwJ«BOwp»ninilMMrtliTiP»iMltiMiini,il«rBkliTw»lpniid«fMrniiophHl»Utrt<i  Hinlwm. 

r,„t,zec  by  Google 


460  ANNUAL  BBPOBT  SMITHBONI&N  INSTITUTION,  1912. 

in  Formica  rvfa,  F.  pratmtit,  and  F.  exaeetoidea  the  tuuales  are  very 
lai^  and  do  not  yet  show  any  trace  of  paraaitio  modifications.  All 
the  Formica  species  juat  mentioned,  whose  females  either  faculta- 
tivriy  or  oMigatorily  found  their  colonies  with  tiie  aid  of  the  workers 
of  an  alien  species  of  auxiliary  uit,  fonn  only  temporarily  mixed 
colonies.  After  the  death  of  tiie  original  aimliary  ante— about  three 
years  after  their  foundation — these  colonies  again  become  simple, 
unmixed  ant  colonies  and  as  sudi  may  still  continue  to  inorease  for 
decadee.  Pennanently  mixed  colonies  we  find,  on  the  contrary,  with 
the  dulotio  Formica  species,  idiich,  after  the  dying  off  of  the  original 
auxiliaiy  ants,  procure  new  ones  for  themselTea  by  the  capture  of 
pupte.  How  do  these  forms  link  with  the  precedii^  end  especially 
with  a  ru/o-like  initial  sta^e  of  social  parasitism  ? 

When  with  a  large  strong  acervicolous  species  of  Formica,  which 
hod  already  passed  over  from  the  independent  to  the  dependent 
foundation  of  colonies,  a  change  occurs  in  the  mode  of  nutrition  of 
the  workers,  conditioned  by  climatic  changes,^  so  that  it  lives  more 
and  more  exclusively  by  preying  upon  insects  and  furthermore  par- 
ticolarly  upon  ihe  pupn  of  strange  ants,  then  the  basis  is  offered  for 
the  origin  of  slavery ;  for  provision  is  already  made,  through  the 
dependent  foundation  of  these  colonies,  that  &mong  the  captured 
strange  pupaa  precisely  those  of  the  auxiliary  species  shall  be  reared. 
Even  Formica  truncicola  and  F.  exaecta,  which  in  nature  are  not  slave 
makers,  in  those  of  their  colonies  which  have  again  become  simplff' 
retain  the  inclination  to  rear  the  workM'  pupsa  of  the  species  of  their 
former  anxihary  ant,  if  they  are  given  them  in  artificial  neste,  while 
they  devour  the  pupse  of  other  alien  species  or  at  least  kill  the  work- 
ers emei^ing  from  them.  The  origin  of  slavery  in  a  Formica  form 
like  F.  MftfTUtfua  (fig.  6)  depends,  then,  upon  two  agents:  (1)  Upon 
the  d^endent  foundations  of  colonies  by  their  females  with  the  assis- 
tance of  a  strange  species  of  ant;  (2)  upon  the  indiuations  of  thur 
workers  to  capture  strange  pupn  as  prey.  According  to  this  view 
the  hypothetical  origin  of  slave  making  within  the  genus  Formica 
is  t^us  to  be  followed  back  to  a  common  root  with  the  origin  of 
social  parasitism  within  the  same  genus,  namely,  to  an  incipimt 
stage  of  dep«ident  foundation  of  cdoniee  which  is  to  some  degree 
comparable  to  the  present  state  of  F.-m^a.  In  any  case,  the  inclina- 
tkm  to  prey  upon  pupse  does  not  in  itself  suffice  to  explain  the  ori^ 
of  dulosis  in  Formica  or  in  any  other  genus  of  ants;  for  t^ere  are 
many  species  of  ante,  especially  in  the  subfamily  Dorylinse,  which 
pillage  the  pupn  of  strange  ants  and  notwithstanding  do  not  rear 
i^ves  from  them,  because  precisely  the  first  of  the  two  above-named 
agents,  the  dependmt  foundation  of  their  coltmies  by  means  of  an 
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auxiliaiy  ap>eciea,  is  absent.  Hence,  the  main  question  in  the  expla- 
nation of  slavery  is  not :  Why  does  this  species  of  ant  in  question  ci^ 
ture  strange  pupn  as  preyl  but:  Why  does  it  rear  ausliaries  from 
themt  This  second  question  remains  also  unsolved  if  one  (with 
Emery  and  Viehmeyer)  attempts  to  derive  duloeis  directly  out  of  a 
"primitive  predatory  female  state,"  for  which,  moreover,  any  sup- 
porting facta  are  wanting;  for,  as  Emery  has  himself  fiiBt  shown  (1909), 
the  present-day  parasitic  and  dulotio  ants  are  to  he  phylogenetically 
doived  from  their  present-day  auxiliary  anta;  there,  however,  we 
find  nowhere  such  primitive  predaceous  females,  but  indeed  manifdld 
conditions  of  dependence  in  the  foundation  of  colonies  by  one  species 
upon  those  of  ajiother  species.  Let  it  be,  moreover,  expre^y  remarked 
that  the  hypothesis  of  the  origin  of  dolosis  in  Formica  can  not  be 
simply  extended  to  the  other  dulotio  genera  of  ants;  for  exao^le, 
among  the  myrmicines.  Other  reciprocal  relations,  also,  than  those 
of  facultative  social  parasitism,  may  there  have  led  to  the  origin  of 
slave  making  (Harpagoxenus-Leptothurax).  In  any  case,  the  origin 
of  slavery  can  not  be  explained  throu^  the  accidental  survival  of 
c^tured  tmt  pupn  within  a  strange  nest  (Ch.  Darwin). 

Probably  startii^  from  a  saiiguinea-hke  stat«,  and  linked  phylo- 
graietically  with  the  devdopment  of  duloeis  within  the  genua  For- 
mica, the  genus  Polyergus  represents  the  culmination  of  the  slave- 
making  instinct  within  the  subfamily  of  Camponotini.  If  we  com- 
pare the  mandibular  structure  of  the  European  amaxon  ant  (Pdyer- 
gua  rufacens)  with  that  of  our  Formiea  aanffuinea  {Bg.  7),  a  remark- 
able diffOTence  is  shown.  F^omica  aangmnea  (fig.  7a)  has  normal 
triangular  mandibles  with  a  toothed  inner  margin  ("Kaunmd"); 
Polyergus,  on  the  contrary  (fig.  7b)  has  narrow,  sharply  pointed 
nckle-mandihies.  In  these  morphological  distinctions  the  diSerence 
in  the  dulotio  instinct  of  the  two  is  also  expressed:  Formiea  sanguiiiM 
is  at  a  more  primitave  stage  of  the  development  of  that  instinct;  and 
it  is  even  developed  to  a  different  extent  in  the  different  North 
American  races  of  this  speciee,  as  Wheeler  has  particularly  shown. 
F.  sangvinea  keeps  comparatively  few  slaves,  can  even  dispense  with 
them  entirely,  and  is  not  dependent  upon  them.  The  amazon  ant,  on 
the  contrary,  in  its  European  and  in  its  North  Amoican  races,  stands 
at  the  apex  of  duloeis,  exists  only  by  the  capture  of  slavee  and  in 
that  connection  develops  the  moat  brilliant  warrior  talent  that  we 
know  in  the  entire  animal  kingdom.  Its  mandibles  are  modified  to 
be  solely  weapons  for  filing  and  are  unsuited  for  domestic  occupa- 
tions; furthermore  it  haa  even  lost  the  instinct  of  feeding  byitorif  and 
must  be  fed  out  oi  the  mouths  of  its  slaves.  The  e^asesuve  develop- 
ment of  duiosis  is  here  already  connected  with  distinct  oharactw^ 
istics  of  parasitic  degeneration.  Its  mandibulu'  structure  givee  ex- 
presuon  to  both  sides,  the  li^t  and  the  shadow  of  its  organic  and 
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psychic  deTelopment.  The  frequent  appearance  <A  a  wingless  female 
form,  ao-cf^ed  ergatoid  queens  (f^.  8a),  points,  furthermore,  toward 
^e  beginning  of  inbreeding,  although  the  nonnal  f«nale  form  is  still 
always  more  numerous  than  the  ergatoid. 

With  ths  genus  Pofyei^s  the  development  of  dulosis  within  the 
subfamily  of  Camponotian  is  concluded.  Let  us  therefore  now  turn 
to  the  MyimicinBB.  An  entarely  isolated  position  is  occupied  by  the 
European  and  North  American  genus  Harpagoxenus  (TomognatliUB). 
Veiy  likely  it  is  to  be  phylogenetically  detived  from  the  genus  of  ite 
aiudliaiy  ant  Leptothorax;  the  males  are  hardly  distinguished  from 
Uiose  of  the  latter.  The  European  Earpagoxenua  sviUevis  (£g.  9a), 
which  formerly  was  considered  to  be  a  strictly  boreal  form,  has  also 
been  found  inSaxony  by  Viehmeyer;  he  also  there  discovered  winged, 
nonnal  females,  besides  the  already  known  ergatoid  female  /orm  (fig. 
9a),  which  appears  to  be  the  only  one  in  Scandinavia.  Probably 
Harpagoxenus  originally  arose  through  a  mutation  of  female  forms 
in  a  parent  species  belonging  to  Leptothorax.  This  does  not  exclude 
the  possibility  that  it  later  m^y  have  lived  in  compound  nests 
together  with  ite  present-day  auxiliary  ant  (Wasmann  and  Vieh- 
msyer),  before  it  arrived  at  dulosis. 

Another  line  of  development  of  tJie  slavery  instinct  among  the 
myrmicines  is  formed  by  the  genua  Strougylognathus,  which  probably 
must  be  derived  from  the  genus  of  its  auxiliary  ant  Tetramorium. 
The  southern  species  of  this  Mediterranean  genus  are  still  powerful 
and  populous  slave  raiders,  which  are  able  to  procure  the  pupie  of 
the  species  of  their  atmliariea  (,Tetra7ncrvum  eaetpiium)  hy  force.  The 
northern  species,  Strortgylognaihu  tettaceus  (fig.  10),  which  occurs  in 
middle  Europe  ss  f ar  as  Holland,  has,  on  the  contrary,  passed  over 
to  permanent  social  parasitism  in  that  its  colooifls  harbor,  besides 
tJie  workers,  also  a  female  of  Tetramorium,  which  is  furnished  them 
by  the  new  auxiliaries.  The  woi^ras  of  StrongylogtiatJM8  teatatetu 
no  longer  undertake  slave  raids;  they  are  likewise  too  small  and  too 
few  in  numbers  for  this  purpose.  Probably  it  was  the  northern. oli- 
matic  conditions  which  in  this  case  externally  caucad  the  change 
from  dulosis  to  permanent  so<^  parasitism;  for  when  a  southern 
slave-capturing  ant  penetrates  northward,  its  slave  raids,  the  execu- 
tion of  which  is  restricted  to  a  certain  optimum  temperature,  become 
constantly  rarer  and  finally  cease  altogether.  In  StrongylogntUhue 
tettaeeu*,  in  connection  herewith,  the  size  and  tJie  number  of  worker 
individuals,  hare  also  sunk  considerably,  all  indications  of  a  porasi^ 
degeneratdoQ  of  the  specses.  The  sabre-shaped  jaws  of  this  small 
ant  ore,  as  it  were,  no  longer  more  than  phylogenetic  mementoes  of 
its  brilliant  dulotio  past,  "nie  previous  history  of  the  genus  Strongy- 
lognathus  up  to  that  stf^  where  the  southern  slave-making  species 
still  stand  to-day,  is  just  as  problconaticaJ  as  the  future  further  devet* 
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opmeat  of  social  parasitism  in  the  northern  species;  we  can  only 
supplement  both  conjecturally,  the  former  throu^  compaiiaon  witii 
Folyergus  among  the  camponotines,  the  latter  through  comparison 
with  the  workerless  parasitic  ants,  to  which  we  will  now  pass  on. 

When  with  a  formerly  dulotic  species  like  Strongylognailma  testaceus, 
parasitic  degeneration  proceeds  further,  its  own  worker  fonn  will 
finally  become  completely  extinct  and  will  be  replaced  by  that  of  the 
auxiliary  ant,  so  that  the  one-time  master  species  continues  to  exist 
only  as  males  and  females.  We  know  a  considerable  number  of 
suchworkerlees  parasitic  ants  from  the  palearctic  and  nearctic  regions, 
recently  also  one  from  the  East  Indies  ( Wheeleridla  Wroughtoni  For.). 
One  of  the  palearctic  species,  WheelerieUa  Santadai  (%.  11),  has  been 
discovered  in  Tunisia  by  Santschi  within  the  colonies  of  3£momoriwm 
ealomOTiis  and  possesses,  as  also  the  Korth  American  genera  Epoecus, 
Sympheidole,  and  Epipheidole,  winged,  still  fairly  normal,  sexual 
forms.  Upon  the  lowest  level  of  degeneration,  however,  stands  our 
httle,  black  parasitic  ant  Aiiergates  airatahta,  living  with  Tetramorium, 
and  whose  males  (fig.  12)  are  pupa-like,  and  the  fertilized  females 
of  which,  to  impede  the  extinction  of  the  species  by  their  fertility, 
have  developed  an  enormous  physogastry.  But  for  none  of  these 
workerless  parasitic  ants  can  we  prove  with  certainty  that  their  para- 
sitism has  sprung  from  a  former  duloeis.  There  are  still  three  other 
ways  which  theoretically  lead  to  the  same  goal,  namely:  The  further 
development  of  a  former  temporary  parasitism,  the  parasitic  d^en- 
eration  of  a  former  guest  relation,  and  finally  the  relatively  suddeu 
(mutation-like)  appearance  of  a  new  dimorphism  in  the  female 
(and  later  also  in  the  male)  of  the  former  parent  form  and  present 
auxiliary  species.  In  those  cases  where,  for  example  as  in  Sym- 
pheidole, Epipheidole,  and  E^pixenus,  the  parasitic  genua  is  very 
similar  to  the  sexual  forms  of  the  host  genus,  the  last  explanation 
should  even  be  the  most  probable.  This  is  also  verified  through 
the  discovery  in  Portugal  of  a  new  parasitic  Fheidole  species. 
Ph.  aymbiotica,  whose  males  and  eigatoid  females  live  in  the  nests 
of  Pheidole  palUdida.  In  the  latter  cases  we  have  to  assume  a 
relatively  rapid  origin  of  the  workerless  parasitic  species,  as  this 
has  probably  never  (since  its  separation  from  the  parent  species) 
possessed  a  worker  form  of  its  own,  and  therefore  also  needed  no 
time  to  "lose"  it.  In  other  cases,  however,  where  the  parasitic  ant 
departs  very  widely  from  its  pnaent  auxiliary  species  and  pre- 
sumably former  parent  ^ecies,  there  was  probably  a  longer  course 
of  development  necessary,  connected  with  a  real  dying  out  of  its 
own  worker  form.  This  applies,  for  example,  to  Anergates  airaiuiua, 
for  which  genus  we  can  only  conjecturally  assume  Tetramorium  as 
parent  form,  and  for  which  it  is  not  at  all  so  unlikely  that  it  sprang 
from  a  former  dulotic  form  by  an  intermediate  stage  similar  to  that  of 


464  ANNUAL   KEPOBT  SMITHSONIAN  INSTITUTION,   1912. 

the  presoDt-day  Strongyloffnaihus  testaceua — the  more  ao  as  Stnrngy- 
lognathus  IWee  with  Tetramorium  and  is  to  be  derived  from  this 
same  genus.  But  in  the  meantime  more  than  conjectures  are  not  at 
our  command  for  the  phyletic  histoiy  of  Anei^ates. 

The  investigationa  hitherto  made  concemii^  the  hypoUietical 
phyl^ic  past  of  social  parasitism  and  of  slavery  have  in  aay  case 
led  to  the  recognition  that  this  history  forms  only  an  ideal  unit,  but 
in  reality  is  composed  of  a  multitude  of  really  distinct  lines  of  de- 
Telopm«it,  which,  in  different  genera  and  species  in  the  different 
subfamilies  of  ants,  have  b^un  at  different  times  and  up  to  the 
present  have  progressed  to  different  points.  The  more  we  succeed, 
by  means  of  new  observations  ajid  experiments,  in  establishing  these 
s^arate  lines  of  origin,  the  more  we  will  also  proceed  in  our  general 
knowledge  of  phylogenetic  connection  between  parasitism  and  slavery 
among  the  ants.  Just  as  in  the  morphologico-paleontological  domain, 
so  also  here  a  true  enrichment  of  our  knovdedge  is  not  to  be  ex- 
pected from  general  theoretical  reflections,  but  from  critical  detailed 
investigations. 

3.— TRUE  MYRMECOPHILY  (SYMPHILY). 

While  the  living  together  of  ants  of  different  species  comes  under 
the  concept  of  social  symbiosis,  their  association  with  nonaocial 
animals,  particularly  with  other  arthropods,  is  designated  as  indi- 
vidual symbiosis.  Therefore  we  are  to  deal  here  witJi  the  so-called 
ant  guests  or  myrmecophilea  from  other  families  or  •orders  of  insects 
and  of  the  remaining  arthropods.  The  number  of  normal  ant  guests 
in  1894  already  amounted  to  about  1,200;  to-day  we  may  estimate  tJiem 
at  more  than  2,000.  Their  relations  to  the  ants  are  very  varioua  and 
may  be  divided  into  five  main  classes,  which,  however,  are  connected  by 
many  transitions.  We  distinguish  symphiles  or  true  guests,  synceketes 
or  indifferently  tolerated  tenants,  synechthrans  or  actively  pursued 
tenants;  furthermore  parasites  (ento-  and  ectoparasites),  and  finally 
trophobionts  or  food-producing  anipiala  of  the  ants.  I  shall  here 
only  briefly  enter  into  the  first  of  these  classes,  because  we  shall 
afterwards  become  acquainted  with  many  an  interesting  staphylinid 
in  connection  with  the  legionary  aots,  and  particularly  for  the  reason 
that  Mr.  Donisthorpe  is  to  deliver  a  lecture  on  the  indigmoua  ant 
guests. 

The  true  ant  guests  (symphiles)  are  hospitably  cared  for  by  the 
ants  on  account  of  certain  exudations,  which  are  volatile  products 
of  the  fatty  tieauee  (in  the  Lomechusini)  or  of  adipoid  glandular 
tissues  (Oavigeriiue,  FauaaidKi,  etc.),  while  with  the  physc^astric 
termite  guests  the  blood  tissue  is  the  princq)al  exudating  tisaua.  The 
external  exudatory  organs  are  very  diversely  developed;  yellow 
hair  tufts,  dermal  pores,  dermal  cavities,  etc.,  at  which  the  hosts  lick 
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their  guests.  The  exudations  of  the  true  guests,  as,  for  example, 
the  Bacchaiin  containiog  secretions  of  the  aphids,  do  not  appear  to 
be  a  food  for  the  anta,  but  only  an  agreeable  stimulant. 

Among  the  mynuecophilous  Coleoptera  tiiere  are  three  priticipaL 
groups  which  are  prominent  on  accotmt  of  their  true  guest  relation 
to  the  ants:  The  Lomechusini  among  the  Staphylinidfe,  the  Clavi- 
gerincQ  among  the  FselaphidGe,  and  finally  among  the  Fausaide  by 
far  the  jnajority  of  the  genera  from  Pleuropterus  to  Paussua.  The 
runaining  symphiles  among  the  Coleoptera  I  do  not  mention  here. 

a.  The  true  guest  relation  is  most  highly  derreloped  with  the  Lome* 
chusini,  in  so  far  as  these  beetles  are  not  only  licked  by  their  hosts 
(first  step),  but  also  are  fed  regulariy  from  their  mouths  (second  step), 
and  finally  also  the  larvw  of  these  beetles  are  reared  by  the  ants  like 
their  own  brood  (third  step) .  The  lu^est  representative  of  the  Lome- 
chusini is  the  European  LoTneckuaa  atrumoaa  (fig.  13),  which  lives 
with  Formica  sangremea  as  its  single  host  and  also  has  its  larvs 
(fig.  14)  reared  th^e.  Hiese  latter,  although  they  possess  six  legs, 
imitate  in  their  attitude  the  immovable  larve  of  the  ants  and  are 
fed  by  their  hosts  like  the  ant  larvs,  indeed  even  far  more  eagerly 
than  these.  Beyond  this,  however,  they  feed  themselves,  particu- 
larly in  earliest  youth,  from  the  eggs  and  young  larve  of  the  ante 
and  devour  them  in  Wge  numbers;  on  this  account  they  are  in  fact 
the  worst  Miemies  of  then:  hosts.  The  species  of  the  genus  Atemeles 
are  not,  like  Lomechusa,  restricted  to  a  sin^e  host,  but  regularly 
have  two  hosts.  During  autumn  and  winter  the  beetles  live  with 
the  little  red  ant,  Myrjnica,  and  then  in  the  spring,  at  the  time 
of  propagation,  pass  over  to  Formica,  where  they  have  their 
larvffi  reared ;  and  furthermore  every  Atemeles  species  or  race  has  a 
definite  Formica  species  or  race  as  larval  host.  The  double  host 
relation  of  Atemelai  postulates  a  much  highw  degree  of  initiative  of 
these  beetles  toward  the  ants  than  we  find  with  Lomechusa.  The 
Atemeles,  by  "active  mimiciy,"  imitate  the  behavior  of  the  ants  to 
a  high  degree,  particularly  in  demanding  to  be  fed  (fig.  15).  The 
damage  which  their  larvte  inflict  on  the  Formica  brood  is  similar  to 
that  of  Lomechusa.  In  North  America  the  Jjomechusini  are  repre- 
sented by  the  genus  Xenodnsa  (fig.  16),  the  species  of  which  have  a 
double  host  relation,  like  Atemeles,  but  with  Camponotus  as  second 
host  in  place  of  Myrmica.  Their  larvte  are  reared  with  Formica  at 
the  expense  of  the  brood  of  the  ant,  as  in  the  above  genera. 

How  seriously  the  Formica  species  are  harmed  by  the  larvee  of 
the  Lomechusini  is  also  shown  by  the  fact  that  through  their  con- 
tinued rearing  the  normal  brood-nursing  instinct  of  the  ants  is 
pathdogically  altered — ^namely,  in  place  of  true  females  they  rear 
malformed  individuals,  intemiediate  between  workers  and  females, 
the  so-called  pseudogyn^,  which  are  perfectiy  useless  for  the  ant 
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conuminity .  They  are  worker-like  f onna  with  inflated  humped  female 
mesonotuin-  The  rearing  of  pseudogynes  occutb  most  frequently 
with  our  Formica  sanguinm  (fig.  17,  o  worker,  ft  pseudogyne),  which 
rear  the  larree  of  the  single-hosted  Lomech^taa  ainanoaa.  Here,  too,  I 
was  able  to  prove  by  the  statistical  method  the  connection  between 
the  rearing  of  the  adopted  larvge  and  the  formation  of  pseudogynes. 
The  rearing  of  the  larvas  of  Atemeles  and  Xenodusa  leads  to  the  origin 
of  pseudogynes  less  frequently  because  these  beetles,  in  consequence 
of  their  double  host  relation,  do  not  always  get  back  into  the  same 
individual  Formica  colonies  in  which  they  have  themselves  been 
reared.  Through  the  increase  of  pseudogynes  within  a  nest  the 
destruction  of  the  host  colony  is  finally  brought  about.  Ther^ore 
the  avowedly  so  "intelligent"  Fonnica  in  fact  actually  rear,  in  the 
larvae  of  the  Lomechusini,  their  worst  enemies. 

When,  however,  we  follow  the  phylogenetic  development  of  sym- 
phily,  in  which  amical  selection,  that  is,  the  instinctive  selection  prac- 
ticed by  the  ants  toward  their  guests,  plays  a  large  rftle,  we  must  even 
aay:  In  the  Lomechusini  the  ants  have  brought  up  for  themselves 
their  worst  enemies!  To  enter  more  closely  intft)  the  psychological 
and  phylogenetic  phases  of  this  interesting  problem  here  the  short 
time  unfortunately  prohibits. 

h.  The  relations  of  the  club-homed  beetles  (Clavigerinee)  to  the 
ants  are  much  more  hwrmless.  The  beetles  are  eagerly  licked  by 
their  hosts  and  fed  from  their  mouths,  but  do  no  harm  to  the  ant 
brood,  although  they  sometimes  gnaw  at  diseased  or  wounded  larvsa. 
We  already  know,  principally  through  Saffray's  works,  40  genera  of 
Clavigerinffi  with  far  above  100  species.  The  habits  of  our  little 
ydlow  Okmger  Uataeeus  have  become  very  well  known  since  1818, 
and  yet  the  larvse  of  all  the  Clavigerinte  are  still  undiscovered.  A 
picture  of  the  adaptational  charactwa  of  these  beetles  is  offered  by 
the  gigantic  club-homed  beetle,  4  mm.  in  length,  from  Madagascar, 
Mirocltwiger  cervicomis  (fig.  18),  which,  besides  a  large  abdominis 
cavity,  shows  richly-developed  ydlow  tufts  of  hairs  on  different  parte 
of  the  body. 

c.  The  beetle  family  Faussidn,  which  is  so  rich  in  diversity  of  form, 
is  very  fmitful  for  the  study  of  myrmecophilous  adaptation,  but 
here  can  be  treated  only  very  briefly.  Already  in  the  Oligocene  of 
the  Baltic  amber  we  find  six  genera,  of  which  three  (Pleuropterus 
Paussoides  and  Paussus)  probably  at  that  time  already  belonged  with 
the  tme  ant-guests,  while  two  others  (Arthropterus  and  Cerapterus) 
in  their  representatives  of  our  time  still  show  the  primitive  protective 
type.  Among  the  present-day  genera  we  already  find  symphiloua  char- 
acters in  Pleuropterus  (fig.  iS) ,  in  spite  of  the  still  1 0-jointed  antennie, 
in  that  the  cavities  of  the  pronotum  and  of  the  bases  of  the  elytra  serve 
as  exudatoiy  organs.    With  the  further  development  of  symphily  in 
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the  Fausaidsi  there  is  remaifcable  a  progressiTe  redaction  in  the  num- 
berof  antennal  joints.  At  tile  highest  step,  in  Paussus,  the  antennee 
are  only  2-jointed  and  the  anteamal  club  assumes  the  most  diverse 
forma,*  among  which  the  conch  shape  stands  in  tiie  most  intimate  asso- 
ciation with  aymphily.  A  fine  example  of  this  is  offered  by  Paussut 
Jimoa  (fig.  20)  &om  Madagascar,  which  lives  with  IsehnoTtvynne^ 
Svsammerdami.  "Within  the  interior  of  the  conch-diBped  anteamal 
cup  there  lies  a  great  layer  of  glandular  cells,  as  it  is  shown  in  the 
accompanying  section  of  the  antemue  of  Paussut  ateutlatua  (fig.  21). 
But  also  beneath  the  frontal  pores,  beneath  the  pronotal  pits  and  in 
the  pygideal  r^ion  there  is  found  adiqioid  glandular  tissue  in  large 
extent,  and  with  many  Fanssus  the  symphilous  trichome  stnicturee 
(reddish  yellow  hair  tufts,  etc.)  are  also  richly  developed  in  the  most 
diverse  manner  and  on  the  most  diverse  parts  of  the  body.*  In 
spite  of  the  high  development  of  their  exudatory  organs,  the  Paussus, 
as  far  as  is  at  present  known,  are  only  licked  by  the  ants,  not  fed 
from  their  mouths;  they  live  rather  predatorily  upon  the  ant  brood. 
The  larv»  of  Faussos  (of  P.  Kannegieteri) ,  described  for  the  first  time 
with  certainty  by  BOving,  are  likewise  carnivorous,  although  their 
phys<^a8try  and  the  glandular  tissues  at  the  tip  of  their  abdomen 
point  surely  enough  to  an  incidental  true  guest  relation. 

<.— MEANS  OF  PROCURING  FOOD  AMONG  THE  ANTS. 

The  means  employed  by  the  ants  to  procure  food  are  more 
diversified  and  offer  more  analogies  with  human  business  activitiea 
than  we  find  anywhere  else  in  the  animal  kingdom.  For  many  of 
our  native  ants  the  principal  source  of  food  is  the  keeping  of  "cattle," 
that  is,  the  occupation  with  plant  lice  and  scale  insects,  which  in  part 
they  visit  outside  the  nest  and  partly  keep  within  their  nests,  and 
which  they  induce  to  give  off  their  saccharine  excrements  by  stroking 
them  with  the  antennn  ("milking").  The  honey-secreting  cater- 
pillars of  some  butterflies,  too,  particularly  from  the  family  Lycte- 
nidie,  are  used  similarly  by  native  and  tropical  ants  as  "cattle,"  and 
also  tropical  Homoptera  larvn  furnish  a  rich  contingent  for  this 
purpoee.  Certain  native  ants  (for  example,  Latiuafavus)  eveax  keep 
the  eggs  of  the  plant  lice  within  their  neets  during  the  winter.  Fur- 
thermore, within  nx  different  genera  of  different  parts  of  the  globe 
there  are  honey  ants  which  feed  up  a  worker  cast  into  Uvii^  "honey 
pots,"  fsom  whose  crops,  in  times  of  drought,  the  colony  procures 
its  food.  The  claeucal  example,  already  deecribed  by  McCook,  is 
the  honey  ant  of  the  Garden  of  the  Qoda  in  Colorado  {Myrmeeo- 
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cysius  hortideorum,).  Other  aots,  again,  are  harTesters,  who  ocd- 
lect  supplies  of  seeds  and  store  them  away  in  the  granaries  of 
their  ueatfi.  For  over  100  years  the  account  in  the  Holy  Bible 
of  the  harreating  ants  of  Palestine  was  supposed  to  be  a  fable, 
until,  through  the  observations  on  the  genus  Meesor  in  the  Meditei^ 
ranean  r^;ion,  it  was  gloriously  verified,  Kecently  N^er  has  even 
found  that  Mesaor  iarbarue  works  the  seeds  over  into  a  kind  of  ant 
bread.  The  classical  "agricultural  ante"  of  North  America  belong 
to  the  genus  F<^onomyTmex,  and,  although  the  exaggerated  roman- 
ticism of  the  "agriculture"  of  Pog.  (ot^ofus  has  been  destroyed 
by  Wheeler's  critical  invest^tions,  yet  the  habits  of  these  hai^ 
vesters  are  still  very  interes^g.  Even  greater  interest  has  been 
excited  by  the  fungus  growing  ants,  particularly  since  the  researches 
of  Mdller  (1893).  The  habits  of  the  American  leaf-cutting  ants, 
from  the  group  of  Attioi,  has  been  thereby  placed,  in  a  new  Iig|ht, 
especially  since,  through  the  observations  of  v.  Ihering,  E.  Goeldi, 
and  particularly  Jacob  Huber  (1905),  we  are  also  informed  regardii^ 
the  ingenious  manner  in  which  the  queen  of  Atta  sexdeng  starts  and 
cultivates  the  new  fui^us  garden,  when,  after  her  marri^e  Sight, 
she  founds  hex  new  colony.  That  in  this  apparently  highly  intelli- 
gent "cultivation  of  vegetables"  by  the  ants  we  are  dealing  with  an 
hereditary  instinct,  is  verified  moreover  through  the  analogy  with  the 
fungus  growing  of  the  termites,  among  whom  this  custom,  particularly 
in  the  large  genus  Termes,  is  still  more  widely  prevalent,  although 
the  termites  stand  psychically  below  the  ants.  A  dainty  fungus 
gardoi,  of  the  size  of  a  walnut,  from  the  nest  of  a  small  guest  termite 
(l&crotermes  globieola),  which  lives  in  the  hills  of  Termes  Redemanni 
in  Ceylon,  is  shown  in  the  accompanying  enlaiged  illustration  (fig. 
22).  Many  other  ants,  finally,  live  by  the  himt,  particularly  for 
insects.  With  our  large  heap-building  hill  ants  (Formica  rufa  and 
F,  pratensia)  this  means  of  gaining  a  livelihood  is  truly  enough  only 
secondary  in  comparison  with  the  visits  to  plant  hce  and  scale  in- 
sects.  In  any  case  it  is  important  enough  to  place  these  and  other 
acervicolouB  species  of  Formica  of  the  rufa  and  ex8ecta  groups  as 
eminently  "useful"  under  die  protection  of  foreetiy  laws.  The  san- 
guine robber  ant  (Fonnica  aanffuinea)  even  occupies  herself  almost 
exclusively  with  hunting,  and  leaves  the  cultivation  of  plant  lice  to 
her  slaves. 

But  the  carnivorous  huntii^  ants  are  far  more  numerous  among 
the  tropical  and  subtropical  species,  among  the  Ponerina  (Lobo- 
pelta,  etc.),  and  most  particularly  amoi^  tiie  Dorylinte. 

6.— THE  DORYLINJ;  AND  THEIR  G1JE8TS. 

Tbjs  subfamily  of  Dorylinaa  comprises  the  htmting  ants,  which, 
partly  above  ground  and  partly  subterraneanly,  go  about  in  quest 
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of  pre^  and  therefore  are  moetly  restless  wandering  ants.  They  are 
the  acourge  of  the  host  of  lesser  animal  life  in  the  tropics.  They 
lack  composite  (reticulate)  vyea;  in  their  place  there  are  eimple 
ocelli,  which,  however,  are  frequently  nidimentary  or  duappear 
altogether.  When  these  are  well  developed,  as  for  ezampla  in 
£b(&m  Bvrchdli,  they  can  even  distinguish  colors,  as  follows  from 
the  comparison  of  the  coloration  of  their  guests.'  Nevertheless  the 
dorylinee,  on  account  of  their  raids,  depend  upon  toocli  and  smell  to 
a  still  higher  d^ree  than  the  other  ants,  liost  of  the  Eciton  of  tile 
Neotropical  region,  legionary  ants,  undertake  their  hunting  expedi- 
tions, already  mentitmed  by  Ren^^r,  Belt,  and  Bates,  in  great  aitnieB 
above  ground;  likewise  the  Anomma  of  Africa,  already  observed  by 
Smeathman,  which  carry  on  their  hunting  drives  for  all  small  animab 
in  frequently  gigantic  armies,  on  which  accoimt  they  have  been  given 
the  nsme  "driver  ante."  Anonuna  is  a  huI^^ub  of  Dorylus,  the 
species  of  which,  on  account  of  carrying  on  their  htmts  above  ground, 
are  mostly  dark  colored,  but  whose  pale  colored  aUies  (Dorylus,  aensu 
stricto),  as  well  as  those  of  the  genua  .^kiiotus,  hunt  subterraneanly. 
The  trimorphism  of  the  worker  fonn  of  Anomma  WUuertki  is  to  be  seen 
from  figure  23.  To  be  sure  it  is  connected  by  intermediate  f oims.  The 
smallest  worker  form,  on  account  of  the  reduced  number  of  antennal 
joints,  might  be  taken,  if  one  found  it  alone,  for  a  different  genus. 
As  well  with  Anonuna  as  with  Eciton  two  kinds  of  snnies  are  to  be  dis- 
tinguished, foraging  armies  and  emigrating  armies.  Only  with  the 
latter  are  the  gigantic,  entirely  win^ess  females  and  the  likewise  very 
laige,  often  de-alated  males  carried  along;  with  Anomma  they  are 
transported  across  open  expanses  only  within  covered  tunnels.  In 
emigrating  to  a  new  hunting  region  a  new  nest  is  occupied  (Vosseler 
in  East  Africa  and  Luja  on  the  lower  Congo),  irtuch  for  weeks  serves 
as  a  base  for  the  foraging  expeditions.  That  theee  nests  contain 
a  fauna  of  gueete,'  principally  beetles,  which  hve  from  the  prey  of 
their  hoete,  can  estrange  but  little.  But  that  these  ante  are  accom- 
panied on  their  hunting  expeditions  by  a  host  of  guests,  particularly 
of  the  family  of  short-winged  beetles  ^taphyhnidiB),  is  the  more  re- 
markable, as  one  would  suppose  that  the  hunters  would  at  the  start 
seize  upon  this  readily  available  game.  And  yet  the  Eciton  of  Amer- 
ica as  well  as  the  Anomma-Doryhu  of  Africa  possess  the  largest 
number  of  gueete  of  ^1  tropical  ante  I 

The  theory  of  descent  to  some  ext«it  explains  this  riddle.  The 
greater  the  necessity  for  adaptation  m  relation  to  a  certain  enemy  is, 
the  greater  will  also  be — supposing  the  capabihty  for  adaptation, 
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which  in  the  Sta{^linidn  is  a  •very  extenaiTe  one — the  frequency 
and  the  hei^t  of  adaptation.  From  this  U  to  be  undeistood,  not 
only  the  krge  nninber  of  doryHne  guflats  among  ihe  Staphylinidee — 
up  to  now  about  40  genera  hare  been  deecribed — but  the  h^  degree 
of  adaptation,  as  veil,  which  many  of  them  show. 

Tliree  principal  morphologico-hiological  adaptational  types  meet 
UB  here :  The  symphile  type,  the  mimicry  type,  and  the  protective  type. 
The  first  makes  the  guests  agreeaUs  to  their  hosts  through  exuda- 
tions, the  second  simulates  to  them  their  own  kind,  the  third  makes 
them  unassailable  to  the  mandibles  of  the  anta.  These  three  types 
of  adaptation  occur  also  with  other  myrmecophiles,  but  their  develop- 
ment with  the  guests  of  the  foraging  ants  is  a  peculiar  one,  corre- 
sponding to  the  character  of  the  hosts;  and  besides  it  is  a  very 
^milar  one  in  the  neotropical  Eciton  guests  to  that  in  the  African 
Anomma  guests,  althou^  the  genera  which  represent  these  types  in 
the  two  hemispheres  do  not  stand  in  any  closer  systematic  relation- 
ship to  each  other.  Their  similaTity  therefore  rests  upon  convet^ence 
as  the  result  of  similar  conditions  for  adaptation. 

The  principal  representative  of  the  symphile  type  of  the  Anomma 
guests  of  Africa  is  Sympohmon  anommatia,  the ' '  war  companion  of  the 
driver  ants"  (fig.  24).  The  slender  form  of  its  body  is  conditioned 
by  its  manner  of  locomotion  as  companion  of  its  rapidly  running 
host.  It  moves  even  more  rapidfy  than  these,  in  that  it  uses  its 
abdomen  as  a  propelling  spring,  to  shoot  ahead  with  the  speed  of  an 
arrow,  as  an  observer  (F.  Hermann  Kohl)  expresses  himself.  Series 
of  sections  of  the  abdomen  disclosed  to  me  the  mechanism  of  this 
propeUing  spring.  We  see  in  the  sagittal  section  how  the  chitinous 
hoops  project  into  the  Ixmien  c^  the  abdomen  and  serve  as  surface  of 
attachmoat f or  atrcoig  bundles  of  muscles  (Seefig.25).  Onthelong 
legs  the  feet  (tarsi}  are  rudimentary  and  transformed  into  slipper- 
hke,  densely  haiiy  structures,  which  serve  partly  as  clasping  organs, 
but  partly  ako  represent  an  analogy  to  the  plumed  feet  of  the  prairie 
towi  (Syrrfaaptes).  Among  the  Brazilian  Briton  guests  Ecit^aater 
is  most  similar  to  ^mpolemon  in  form  of  body  and  structure  of 
antenne.  Also,  the  structure  of  the  tongue  of  botii  indicates  that 
these  guests  are  fed  from  the  mouths  of  their  hosts. 

Most  remarkable  is  the  mimicry  type  of  the  doiyline  guests.  It  is 
primarily  a  "tactile  mimicry"  which  appears  to  be  calculated  to 
deceive,  passively  and  actively,  the  tactjle  sense  of  the  antemuB  of 
their  hosts. 

The  passive  deception  is  brought  about  by  the  similarity  of  form 
of  the  separate  body  segments  of  the  guest  with  those  of  the  host, 
the  active  deception  through  the  similarity  of  antennal  structure 
between  guest  and  host.  This  mimicry  reaches  its  highest  degree  in 
Mimeciton  (fig.  26)  among  the  ecitophiloua  Staphylinidse  and  with 


ANTS  AND  THBIE  GUESTS — WASHANN.  471 

Dirylomimus  (fig.  27)  and  especially  with  Mimanonuna  (fig.  27a) 
niiiong  the  anommatophiles.  In  t^eee  genera  no  legitimate  similarity 
I"'  coloration  between  guest  and  host  exista,  because  the  latter  pos- 
»-  ■^a  only  rudimentary  ocelli  (Bciion  pradator)  or  have  no  eyes  what- 
ever (.Anomma  WHvertM  and  A.  Sj&stedti),  In  the  guests  of  such 
Hilton,  however,  aa  have  well-developed  ocelli  there  is  furthermore 
lulded  to  the  taetiie  mimicry  a  very  exact  similarity  of  coloration  of 
1 1  9  guest  with  the  same  size  worker-form  of  the  host,  for  example 
in  Ecitophya  (fig.  28),  Ecitomorpha,  and  Ecitonidia. 

At  the  highest  stage  of  the  mimicry  type,  in  Mimanomma,  Mime- 
f.i'on,  Dorylomimus  and  Ecitophya,  mimicry  even  forms  the  foun- 
d^ttion  for  a  true  guest  relation;  this  has  even  been  established  by 
ijirect  observation  for  DoryloTtiimus  ZbUi  (F.  Kohl). 

An  analogous  tactile  mimicry  to  that  with  the  ecitophiloua  Staphy- 
]it:ld8B  is  found  also  among  the  ecitophilous  Proctotrypida  (Hymen- 
optera)  in  the  genera  Mimopria  and  Ecitopria. 

The  protective  type  of  the  New  World  Eciton  guests  is  represented 
piincipally  by  the  genus  Xenocephalus  (fig.  29),  in  which  the  head 
and  the  extremities  are  covered  by  a  protecting  roof.  Among  the 
Old  Worid  doryline  guests  we  meet  an  analogous,  but  less  perfect, 
t->ri>tective  type  in  Fygoetenus  and  related  genera.  The  highest  devel- 
<ii  ment  of  the  protective  type  of  dorylophilous  StaphyUnidse,  however, 
i"  reached  in  the  genus  Trilobitideua  (fig.  30),  standing  entirely  iso- 
lated,' and  of  which  several  species  live  with  Dorylus  and  Anomma; 
iL  flat,  leaflike  form  of  body  fitting  closely  to  the  ground,  which  is 
I'jj'thermore  covered  with  conical  humps  on  the  upper  surface.  When 
n  foraging  ant  seeks  to  gpssp  this  guest  with  her  mandibles  she  can 
C'lly  seize  him  at  one  of  the  humps  and  at  the  most  hurl  him  away, 
''  ler  mandibles  do  not  at  once  glance  ofi.  The  insect,  in  which  not 
even  elytra  are  present,  resembles  rather  a  silphid  larva  than  a  full- 
•.  rown  beetle.  Unfortunately  we  must  here  be  content  with  these 
fo^r  examples  from  the  extraordinarily  rich  field  of  the  adaptational 
r^iaracters  of  the  doryline  guests. 

6.— NEST  BUILDING  AMONG  THE  ANTS. 
An  ants'  nest  is  an  irrc^lar  system  of  passages  aild  chambers, 
wliich  serve  as  the  home  of  the  ants  and  their  brood;  it  is  no  highly 
fiiished  structure  like  the  bee  comb,  and  on  that  account  is  of  no 
ri.ijid  pattern,  but  capable  of  an  almost  unlimited  adaptability  to  the 
riost  diverse  materials  and  locations.  Beginning  with  the  minute 
ii'-iliow  in  the  earth  or  crack  in  the  bark,  measuring  but  a  few  milli- 
nidters,  to  the  lai^  domes  of  our  hill  ants  and  the  still  more 
Pa  tensive  nests  of  some  of  the  large  Atta  of  America,  we  find  all 
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transitions  in  the  size  of  an  ants'  nest,  Ijkewise  there  is  hardly  a 
locatson  where  ants  can  not  eataUish  their  nest,  hardly  a  material  of 
which  it  can  not  consist.  Through  Forel  and  other  investigatois  the 
exceeding  diyersity  in  the  manner  of  nest  constmotion  among  the 
ants  has  been  long  known.  There  are  distinguished,  earth  nesta, 
nesta  under  stones,  earth  heaps  above  ground,  heaps  of  dry  plant 
material  mixed  more  or  less  with  earth;  nests  under  bark,  in  hollow 
galls,  in  hollow  stalks,  and  hollow  trees;  nests  in  rotten  stumps  or 
chiseled  out  of  solid  wood;  carton  neats,  which  are  either  placed 
between  roots  or  in  hollow  trees  or  hai^  free  from  the  branches; 
finally  web  nests,  which  may  consist  of  leaves  spun  together  or  of 
other  hollows  carpeted  on  the  inside  with  a  web.  Furthermore,  any 
already  existing  hollow  space  may  be  transformed  into  an  ants'  neat, 
should  it  be  a  piece  of  roofing  paper,  the  cover  of  a  tin  of  preeenres, 
dried  cow  manure,  or  an  old  skull  of  a  horse,  in  which  last  P.  Schupp 
once  found  a  nest  of  Camponotus  rufipes  in  Kio  Grande  do  Sul.  Also 
numerous  are  the  stolen  nests  which  formetly  belonged  to  other 
species  of  ants  or  to  termites  and  were  either  taken  possession  of 
after  having  been  vacated  by  the  builders  or  already  before  that. 

The  photograph  of  a  gigantic  nest  of  Formica  rufa,  near  Luxem- 
burg,  which  is  17  meters  in  circumference,  may  serve  as  an  example 
of  a  typical  ant  hill  (fig.  31).  A  carton  nest  of  OirmastogaiAer 
Staddmanni  doliehoeephala  Santschi,  1.10  meters  ia  length,  which  is 
in  the  Natural  History  Muaeum  of  Luxemburg,  is  shown  in  figure  S2, 
as  it  was  photographed  in  its  natural  situation,  hating  upon  a  high 
tree  in  Kondu6,  by  E.  Luja.  Finally,  a  web-neat  of  Polyrhackng 
Idboriosa  from  Kondu6  (E.  Luja)  is  shown  in  figure  33.  This  con- 
sists of  leaves  spun  together,  the  surfaces  of  which  are  carpeted  with 
web.  The  upper  outer  layer,  into  which  wood-mold  has  been 
abundantly  introduced,  appears  to  be  prepared  by  the  ants,  as  accord- 
ing to  F.  Kohl's  observations  is  also  the  cese  with  OecophyUa  longi- 
noda  on  the  upper  Congo,  by  means  of  their  mandibles  and  the  secre- 
tion of  the  mandibular  glands,  while  the  web  itself  comes  from 
another  source  with  which  we  shall  now  become  acquainted. 

These  web  nests  of  the  ants  are  of  high  psychological  interest. 

For  the  spinning  substance  utilized  in  them  does  not  come  from 
the  ants  themselves,  but  from  their  lorvie  which  the  workers  grasp  with 
their  mouths  and  employ  as  "weaver's  shuttle"!  They  conduct  the 
mouth  of  the  larva,  from  which  the  spinning  substance  issues,  from 
one  leaf  margin  to  another  and  thus  weave  their  nest.  When  20 
years  ago  Ridley's  first  information  concerning  this  reached  Europe 
from  the  East  Indies,  it  sounded  hardly  credible.  Now,  however, 
they  have  been  concordantly  verified  by  many  investigators,  for 
OecophyUa  Bmaragdina  in  Ceylon  through  Doflein  and  Bugnion,  for 
OecophyUa  Icmginoda  on  the  Congo  through  F.  Kohl,  etc.    With  the 
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Oecophylla  species  this  method  of  nest  construction  is  general,  in 
the  genus  PolTrhochis  it  only  pertains  to  a  part  o£  the  species, 
while  others  construct  carton  nests.  Of  the  genus  Camponotua, 
finally,  it  is  only  known  of  one  species,  C  senex  of  Brazil,  and  of  the 
genus  Technomyrmex  we  likewise  know  spun  neata  with  but  a  single 
species  (T.  hicolor  textor  Forel). 

That  ants  use  their  own  larvffi  as  weaver's  shuttle  for  spinning,  and 
BO  utilize  the  spinning  faculty  of  their  larres  in  a  practical  manner  for 
nest  construction,  is,  to  be  sure,  psychologically  most  remarkable- 
It  is  an  employment  of  "  tools  "  which  are  independent  of  the  body  of 
the  animal  and  do  not  originate  from  it,  while,  for  example,  the  web 
with  which  the  spider  catches  its  prey  is  a  product  of  the  glands  of  its 
own  body.  Such'a  well  guaranteed  and  ingenious  employment  of 
tools,  as  the  ants  demonstrate  in  the  construction  of  their  web  nests, 
we  seek  in  vain  elsewhere  in  free  nature,  even  among  the  higher  ver- 
tebrates. Yet  we  must  not  overestimate  this  fact  psychologically. 
There  are  here  concerned,  as  with  all  other  specific  modes  of  nest  con- 
struction in  ants,  hereditary  instincts,  over  the  phylogenetic  origin  of 
which,  however,  the  deepest  darkness  still  rests.  In  any  case  we 
must  not  consider  a  species  of  Polyrhachis  which  constructs  webs  by 
means  of  its  larvie  as  more  "inteUigent"  than  another  species  of  the 
same  genus  which  employs  the  secretion  of  its  mandibular  glands  to 
build  a  carton  nest.  Ta  the  same  way  we  must  not  designate 
Camponotu8  aenex  as  the  "  most  inteUigent "  species  of  its  genus  because 
it  builds  web  nests,  while  other  species  construct  theirs  in  wood, 
etc.  All  the  different  nest-building  instincts  are  objectively  appro- 
priate in  their  way,  but  do  not  depend  upon  the  intelligent  reflec- 
tion of  the  individual  being,  because  they  prove  to  be  hereditary 
instincts.  Their  exercise  is,  nevertheless,  no  mere  reflex  mechan- 
ism, because  it  takes  place  under  the  influence  of  the  sensory  percep- 
tions and  sensory  experiences  of  the  individual.  Here,  too,  we  must 
therefore  keep  ouiselves  midway  between  two  equally  erroneous 
extremes  in  the  psychological  explanation  of  animal  life.  Then  we 
also  shall  "learn  wisdom"  from  the  ants  on  considering  their  ways. 


EXPLANATION  OF  FIGURES  ON  PLATES  1-10. 

[Ttw  mtoro-photognphi  fol  tha  mggt  part  bave  bean  Uken  wltbsZelra  Tewtr  1:B,3.| 
PiAlX   1. 

I^a.    1.  Fonnicoxenvt  niHdulut  Nyl.  (ahining  guest-ant),  ergatoid  male  and  worker 

(8  :  1). 
Flo.   2.  Formica  rvfa  L.  (red  hill-Aat),  queen  and  small  worker  (3  : 1). 
Flo.   3.  Formiea  tnauieola  Nyl.,  winged  female  (4  : 1). 
Yia.   A.  a.  Worker  of  Forrmea  exaeeta  Nyl., 

b.  Worker  of  Forrmea futea  L.  (4  : 1). 
Fio.   6.  Formiea  tanguinta  Latr.,  worker  (3,  S :  1),  ^^  i 


474         annual  bepobt  smithsonian  institution,  1912. 
Plate  2. 

Fio.    5.  a.  ^ornKca./u«caL.,siii»lI  queen; 

6.  Formica  extecta  Nyl.,  vinged  femsJe  (4  : 1). 
Fig.   7.  a.  Head  of  Formica  tanguinta  IM.,  workei'; 

fi.'Head  of  Polyergua rv/etctnt  Ltr.,  worker (6  : 1). 
Pig.   8.  Poij/CTyiuru/escCTwLatr.  (Ainazonant):  o.  Ergatoid  queen;  6.  Workei-{4  :1). 

Plate  3. 
Fia.    i.- a._  Har'pagqxenui  l;TonwgtMlh»»)  mbiaevis  Nyl.,  e^iatoid  queen; 

6.  LeptolhoTOL  acervorum  P.,  worker  (alave)  (5  : 1). 
Fia.  ID.  StrongyloQnathut  Uttaeeut  Schenk,  worker  (12  ;  1). 

Fio.  II.  Wheeleriella  Santichii  Forel,  winged  female,  dorsal  and  lateral  view  (5  : 1). 
Fig.  12.  Anergates  atratulus  Schenk,  pupa-like  mole  (12  : 1). 
Fig.  14.  Larva  ol  Lomechuta  ttrumota  F.  (5  : 1). 
Platk  4. 
Fia.  13.  Lomechuta  ttrumota  F.  (5  :  I): 

a.  With  turned  up  abdomen; 

6,  ^ith  extended  abdomen,  to  show  the  yellow  hair-tufta. 
Fig.  15.  AUmtla  pratemouia  Waam.  being  fed  by  Formica  praUtuit  Deg.  (6  : 1), 
Fig.  16.  Xenoduta  cava  Lee.  (North  America)  (5  : 1). 
Fig.  17.  a.  Formica  tanguinea  Ltr.,  worker  (4  : 1). 

Fig.  176.  Farmiea  tanguinea  Ltr.  (Peeudogyne)  (4  : 1), 

Fig.  18.  Mirodavigrr  ceniieomit  Wasm.,  Madagascar  (12  : 1). 

Fio.  19.  PlevTopUrut  Dohmi  Bite,  subsp.  Uujae  Waam,,  Congo  (5  r  1), 

Fig.  20.  PoMwu*  Aoiua  Dohm  MadagBBcar  {5  ":  1). 

Plate  6. 
Pig.  21.  Section  through  the  layer  of  glandular  cells  of  the  antennal  cup  of  Pnustu* 

cwndlatut  Westw.  (1000  : 1).    (Zeiea,  Apochrom.  2.0, 1.30,  coropenaational 

ocular  4.) 
Fig.  22.  Fiingua  garden  of  MieroUrmet  globicola  Wasm.,  Ceylon  (1,  5  : 1). 

Platb  7. 
Fig.  23.  Ariomma  Wtiverlhi  Em.,  three  workers  from  the  same  army  (3  : 1),  Congo. 
Fig.  24.  SyinpoUmon  anommatit  Wasm.,  Congo  (6  :  1). 
Fig.  25.  Sagittal  section  through  the  abdomen  of  SympoUmon  oTuntanalii,  to  show 

the  bundles  of  muscles  (20  : 1). 

Plate  8. 
Pig,  26.  MimtciUm  pidtx  Wasm.,  male  and  female,  Brazil  (10  : 1). 
Pig.  27.  Dorylomimut  Kokli  Wasm.,  Congo  (8  : 1). 
Fio.  27o.  Mimarwmma  i^ectrwn.  Wasm.,  Kamenin  (9  : 1), 
Pig.  28.  Ecitopkya  timulam  Waam.,  Brazil  (4  :  1). 
Fio.  29.  Xenocephalus  gigas  Wasm.,  Brazil  (4  : 1). 
Fig.  30.  Trilobitideni  intignii  Wasm.,  Congo  (11  : 1). 

Flats  9. 
Fig.  31.  Gigantic  neat  of  Formica  rufa  L.,'  Luxembuig  (17  m.  circumference). 

Plate  10. 
Fig.  32.  Carton  nest  of  Crematlogatttr  Stadelmanni  subsp.  dolichoaphala  Santschi 

(hanging  on  the  tree),  Congo  (1  :  44). 
Fio.  33.  Web  nest  of  Polj/rhaehit  lahorioaa  Sm.,  Congo  (1  :  2). 
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Vig.  3i— Carton  uest  of  Cremailogai'er  Slnrffimnwiisubsp.  rIolkhiKxpliaia  Sanlachl  Ihnngliig  01 


Fig.  SI— Web  neat  of  Poti/rhachu  iaborium  Sm.,  Congo  (1:2). 


THE  PENGUINS  OF  THE  ANTARCTIC  REGIONS.* 


By  L.  GilM, 
Doeior  ofSdmee,  NaturaHu  of  On  Chanot  BitptdStian, 


[With  9  plates.] 


Owing  to  the  numerous  scientific  obserr&tions  made  since  tiie 
cloBB  of  the  last  oentuiy  by  various  expeditions  in  the  south  polar 
regions  certain  vertebrate  animals  inhabiting  those  frozen  lands 
are  to-day  well  known. 

Of  the  36  species  of  birds  met  below  60°  south  latitude,  there  are 
6  belonging  to  a  single  family,  t^at  of  the  Spheniseidie,  which  par- 
ticularly attract  the  attention  of  voyagers.  We  allude  to  the  pen- 
guins.* 

Penguins  are  the  true  inhabitants  of  these  polar  regions;  from 
whatever  direction  one  approaches  the  south,  he  is  always  sure 
to  meet  them.  It  is  they  that  by  their  numerous  rookeries,  by  t^eir 
continual  movement,  and  by  their  cries  animate  this  land  to  which 
they  bring  life;  it  is  they  that  relieve  navigation  in  the  polar  regions 
from  the  monotony  that  it  would  finally  have,  if  they  were  not  there 
to  strike  between  whiles  a  gay,  lively  note  ia  the  polar  landscape. 

These  penguins  differ  widely  from  other  birds.  Their  wings, 
without  quills,  provided  only  with  little  feathers  that  one  mi^t 
compare  to  scales,  form  mere  paddles  unfit  for  fiight;  plantigrades, 
they  walk  heavily,  slowly,  and  when  they  wish  to  quicken  their 
pace  they  fall  fiat  on  the  ground,  making  their  way  through  the 
snow  by  the  aid  of  their  feet  and  of  their  little  wings,  which  also 
serve  to  balance  them.  Spending  almost  all  their  life  in  the  sea, 
where  they  seek  the  crustaceans  and  small  fish  upon  which  tliey 
feed,  they  are  wonderful  swimmers,  of  an  extraordinary  Huppleness  ' 
and  activity. 


id  b;  pmolaslaD  (wltb  additknu  by  tba  uiUuir)  from  Ls  Katurc,  Paili,  No.  3l 
I  Thia  nams  wu  fiist  givm  to  ttum  \>j  tbe  Spuilah  navlgUon  at  tbe  levaltaniUi  eatrti 
Uum  ]ifvitfnM,lroin  pnfAt^,  mMWiiV  frraw,  a 
wbldi  tbBM  blrd^  am  oovsrad. 
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One  can  not  give  a  more  exact  Idea  of  the  pei^utn  than  by  refuiiit- 
ing  these  few  lines  of  M.  RacoTitsa,  the  eminent  naturalist  of  the 
Belgica  expedition : 

Imagine  a  little  old  man,  etanding  erect,  provided  with  two  broad  paddlea  ituteftd 
of  urns,  with  a  head  imall  in  compariaon  with  the  plump,  stout  body;  imagine  thii 
creature  with  his  back  covered  "with,  a  dark  coat  spotted  with  blue,  tapering  behind 
to  a  pointed  tail  that  drags  on  the  ground,  and  adorned  in  front  with  a  gloesy  white 
bieaatplate.  Have  this  creature  walk  on  bis  two  feet,  and  give  him  at  the  same  time 
ft  diotl  little  waddle  and  a  continual  movement  of  the  head;  jon  have  before  you 
■omething  ineeiBtibly  atbactive  and  comical. 

^  Penguins  have  inhabited  the  Antarctic  continent  from  very  remote 
geological  periods^  We  wiU  only  remind  our  readers  of  the  dis- 
coTerJes  of  the  Swedish  expedition  of  Dr.  Otto  KordenskjOld,  yiho 
found  on  Seymour  Island  fossil  bcraes  belonging  to  five  species, 
each  of  which  formed  the  type  of  a  new  genus,  and  which  Uvad, 
according  to  Dr.  Wiman,  who  made  a  study  of  them,  at  the  begin- 
ning of  the  Tertiary  period,  in  the  Eocene  epoch. 

At  the  pTes<«t  time,  confining  ourselves  entirdy  to  the  birda 
found  below  60°  sooth  latitude,  five  species  inhabit  tiiese  southeml 
lands;  among  these  five,  two — the  Emperor  and  the  Adelie — are  dis>! 
tributed  over  the  whole  oircumfMvace  of  the  Antarctic  continent;  thej 
other  three  are  confined  to  the  ueighborhood  of  the  South  Amerioan  I 
Antarctic  regions.  -^ 

There  is  first  of  all  the  Macaroni  penguin  ( CkUarrhaeUs  chryaoloplnu), 
of  which  some  rookeries  of  a  few  hundred  individuals  are  found  on 
the  South  Shetland  Islands,  particularty  on  Deception  Island.  It 
has  a  height  of  60  centimeters;  the  back  and  head  are  bluish-black 
with  a  velvety  luster;  above  the  eyes,  bands  of  elongated  ^ebrows, 
golden-yellow,  meet  on  the  forehead;  the  iris  is  garnet,  the  bei^ 
leddish-brown  with  the  commissure  of  the  mandibles  pale  purple. 
It  is  a  quiet,  peaceful,  trusting  creature,  letting  itself  be  easily 
approached  when  cm  its  nest,  and  even  caressed,  rarely  tiylng  to 
give  a  blow  with  beak  or  wmg.  The  rookeries  of  these  Macaroni 
penguins  are  often  intermingled  with  those  of  the  Antarctic  penguin, 
with  which  th^  live  on  good  terms.  In  their  nest,  which  coosista  of 
a  mere  depression  in  the  ground,  they  lay  toward  the  end  of  November 
an  egg  of  a  slightly  bluish-white,  on  which  the  parents  sit  aJtematefy. 

Of  the  five  species  of  Antarctic  penguins,  CkUarrhactes  ckryaolopfMS 
is  the  one  that  ventures  the  shortest  distance  southward,  not  going 
below  63"  south  latitude.  Solitary  individuals  have  been  seen  in  the 
South  Orkney  Islands;  farther  north  one  finds  them  in  South  Qeotgia 
and  even  in  the  Falklands,  and  in  the  east  on  Prince  Edward,  Marion, 
Kerguelen,  and  Heard  Islands. 

The  Antarctic  penguin  {PygocAia  aiUardiea),  slightly  smaller  than 
the  preosdiog,  is  easily  distinguished  from  the  other  penguins  by  the 
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black  Hne  aooaa  its  throat.  It  is  as  noisy  as  the  Macaroni  is  quiet,  as 
pognacious  aa  the  other  is  peaceful.  It  Uvea  in  huge  rookeries  that 
inclose  sometimes  as  many  as  several  hundred  thousands  of  indi- 
viduals. There  are  uauaUy  two  eg^  in  each  neat.  When  one  pene- 
trates into  one  of  these  cities,  during  the  aeason  of  reproduction,  he 
is  immediately  greeted  by  a  deafening  hubbub  of  discordant  croakii^, 
or  of  prolonged  puffing  accompanied  by  violence,  blows  from  beak 
and  wing,  which  makes  one  hesitate  to  ent«r  into  the  midst  of  this 
hostile  crowd. 

The  Antarctic  penguins  place  their  rookeries  sometimes  at  a  height 
of  more  than  a  hundred  meters,  and  in  order  to  reach  the  sea  to  seek 
the  crustaceans  of  the  genus  Euphsusia  on  which  they  live,  they 
must  often  make  a  real  journey;  one  sees  them  set  off  in  little  bands, 
in  Indian  file,  following  the  paths  that  they  have  worn  in  the  snow 
as  a  result  of  their  incessant  tripe,  and  looking  for  the  most  favorable 
and  least  dangerous  places  along  the  cliff  in  order  to  descend  to  tiie 
shore. 

On  beaches  accessible  to  rookeries,  there  is  usually  a  host  of  birds 
gathered  there  1^  the  thousand,  reminding  one  of  the  throngs  of 
human  beings  that  are  attracted  on  fine  summer  days  to  our  great 
beaches  in  France.  They  chat  little;  simply  a  few  reflections  whis- 
pered in  a  low  tone,  while  in  the  distance  one  heus  the  star  of  the 
noisy  city.  In  little  troops  the  penguins  take  advantage  of  a  momen- 
tary calm  of  the  waves  to  throw  themselves  into  the  water  and  go 
hunting,  while  others  are  coming  back  from  the  open  sea,  uttering  a 
joyous  caw,  caw,  and  seeking  the  most  favorable  spot  for  landing; 
heads  rising  from  the  water,  a  last  dive,  and  the  wave,  rolling  in  and 
invading  the  beach,  casts  up  the  troops  of  penguins  that  are  coming 
back  from  the  fishing;  then  comes  the  dimb  up  the  cliff,  the  return 
to  the  rookery  where  thc^  are  to  take  their  post  as  guardians  of  the 
nests  and  allow  l^ose  who  are  awaiting  them  to  set  off  in  their  turn 
for  the  sea. 

Rookeries  of  this  penguin  are  not  found  aoutii  of  65°  latitude; 
one  encounters  them  sot  only  in  South  American  Antarctio  r^ons, 
but  in  South  QeoTgia,  the  Falkland  Islands,  and  Bouvet. 

The  third  species  inhabiting  the  Antarctic  regions  of  South  America 
is  the  Gentoo  penguin  (Pygoacelis  papua),  distingubhed  by  the  white 
spot  above  each  eye  and  by  its  red  beak.  Its  rookeries,  less  impor- 
tant than  those  of  the  Antarctic  penguin,  are  situated  to  the  north 
of  the  polar  circle;  in  the  circum-Antarctic  zone  it  is  found  as  far 
as  the  Falklands  and  toward  the  east  up  to  Macquarie  Island.  Vexy 
different  from  the  preceding  speciee,  these  bbds  are  much  quieter, 
living  in  the  greatest  peace  with  one  another;  they  receive  visits 
from  human  beings  widi  lees  protest,  but  with  more  uneasiness. 
Careful  of  their  own  appearance  and  of  their  rookery,  their  nests 
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are  also  better  conBtructod,  most  fraquentfy  made  of  atones  to  whiiA 
they  add  Bome  tail  feathera.  In  November  th^  lay  two  eggs,  white, 
slightly  tinged  with  azure.  Fond  of  family  life,  these  penguins  show 
great  care  in  bringing  up  their  ofispiing.  If  they  are  timid,  careless, 
and  awkward,  they  have  at  least  one  good  quality — the  tendemeBS 
they  show  toward  their  young. 

Much  more  interesting  is  the  Adelie  penguiiL  (^ygosceUa  addim 
Hombron  and  Jacquinot).  Its  head  and  bibck  are  black  with  bluish 
reflections,  its  short  beak  brownish-black,  the  pupil  of  the  erye 
encircled  with  a  white  iris. 

From  whatever  side  one  approaches  the  Antarctic,  whether  in^ 
south  of  America  or  from  the  longitude  of  Africa  .or  of  Ausbalia, 
throughout  the  circumference  of  this  vast  polar  continent,  the  Adelie 
penguin  is  always  one  of  the  animals  encountered  by  the  voyager  on 
his  route.  This  bird  is  everywhere,  Watohee  oyer  everything;  it  is 
te  him,  indeed,  that  the  Antarctic  belong?.  Curious,  unruly,  violent, 
a  chatterbox  and  blusterer,  of  an  extraordinary  liveliness,  you  should 
see  him  dart  like  an  arrow  from  the  water  to  a  height  of  more  than  2 
meters,  and  faU  vertically  down  again  on  the  piece  of  ic9  or  the  rock 
chosen  for  his  resting  place. 

Never  leaving  these  regions  nor  passing  north  of  60°  south  latitude, 
they  people  the  iales  of  the  frontier,  the  low  elevations  of  the 
Antarctic  continent,  on  which,  during  a  few  laonthB  of  the  year,  the 
snow  in  melting  leaves  soma  dear  spaces  of  soil. 

On  slightly  uneven  locations  they  settle  in  numerous  colonieB, 
during  the  period  of  breeding  and  raising  their  young,  forming  these 
noisy  cities,  these  rookeries,  which  number  thousands,  often  evea 
tens  of  thousands,  and  sometimes  even  hundreds  of  thousands  of 
individuals. 

After  having  abandoned  their  rookeries  for  the  wintw,  which  thcry 
pass  on  the  open  sea,  opposite  the  land  ice,  the  Adelies  return. in 
October  to  their  cities  and  immediately  take  posseesion  of  th«r  rocks 
again.  Indeed  the6e  rocks  are  really  theirB,  for  according  to  the 
obeervatioAs  made  on  the  spot  at  Pjetennann's  Island,  where  the 
Povrqvm  Pas  wintered,  I  have  ascertained,  in  the  case  of  the  Gentoo 
as  well  as  of  the  Adelie,  that  the  same  birds  come  back  to  the  same 
Tookery  year  after  year. 

TPheo  the  expedition  arrived  at  Petermann's  Island  In  Februaty, 
1909, 1  put  on  the  right  leg  of  several  penguins  (young  and  old)  some 
celluloid  rin^  of  various  colors,  according  to  the  age  of  the  birds. 
In  Octobw  and  November,  1009,  on  the  return  of  the  birds  to  their 
rookeries  I  had  the  good  fortune  to  recover  a  score  of  adults  marked 
by  me  nine  months  before.  I  did  not,  however,  recover  any  of  the 
young,  which  seems  to  indicate  that  th«y  do  not  return  to  th^  birth- 
place and  do  not  mate  until  2  years  old. 
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2.  Corner  of  a  Rookerv  of  Marconi  Penquins. 
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1 .  Penouins  on  the  Beach  at  Deception  Island. 
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2.  The  FiSHtNa  Done,  Some  Penguins  are  Returning  to  the  Rookery. 
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Since  the  return  of  the  expedition  to  France  I  haTe  learned  that  in 
Novwnber  and  December,  1910,  some  ringed  birds  had  been  recovered 
by  Hitlers  who,  during  the  summer  months,  went  in  search  of 
Cetaceans  in  those  regions. 

The  Adelie  penguin  is  a  brave  animal  and  raret^  flees  from  danger. 
If  it  happens  to  be  tormented  it  faces  its  aggressor  and  ruffles  the 
black  feathers  which  cover  its  neck.  Then  it  takes  a  stand  for  com- 
bat, the  body  straight,  the  animal  erect,  the  beak  in  the  air,  ihe  wings 
extended,  not  losing  sight  of  its  enemy.  It  then  makes  a  sort  of" 
purring,  a  muffled  grumbling,  to  prove  ^at  it  is  not  satisfied  and  has 
not  lost  a  bit  of  its  firm  resolution  to  defend  itself.  In  this  guarded 
position  it  awaits  eroits.  If  the  enemy  beats  a  retreat,  th^i  tha 
penguin  abandons  its  menacing  attitude;  often  it  stays  on  the  spot; 
Bometimes  it  returns  and,  lyii%  flat  on  the  ground,  pushes  itself 
along  with  all  the  force  of  its  claws  and  its  wii^.  Should  it  be  over- 
taken, instead  of  tryii^  to  increase  its  speed,  it  stops,  backs  up  i^ain 
to  face  anew  the  pail,  and  returns  to  its  position  of  combat.  Some- 
times it  takes  the  offensive,  throws  itself  on  its  a^;reasor,  which  it 
punishes  with  blows  of  its  beak  and  wings. 

'With  the  opening  of  spring,  the  Adelies  return  little  by  little  toward 
diair,old  rookeries.  As  soon  as  they  arrive  many  make  their  bed  on 
the  snow  as  if  to  rest  from  the  fatigue  of  their  long  joum^;  those 
more  rested  or  leas  indolent  hunt  for  pebbles  needed  for  building 
their  nests. 

The  life  of  the  city  becomes  more  and  more  active;  the  birds  are 
each  day  more  numerous.  The  smallest  rock  uncovered  is  at  once 
occupied.  Small  stones  become  scarcer  and  scarcer,  and  it  is  difficult 
for  new  arrivals  to  procure  them;  thereupon  the  last  comers  resort 
to  strat^em  in  order  to  steal  from  neighboring  neste. 

The  quarrels  over  ownership  increase;  each  works  for  itself;  selfiBh- 
nees  rules  as  master;  everywhere  is  distrust. 

One  suspects  its  neighbor,  which,  when  it  approaches,  suspects  it^ 
if  it  tries,  in  spite  of  the  cries  and  menaces,  to  come  nearer,  it  is 
received  with  blows  of  the  beak;  if  it  tries  to  steal  a  pebble  and  is 
detected,  it  is  pursued  and  severely  punished.  At  every  moment 
some  quarrels,  some  battles,  burst  out.  Often  a  dispute  between 
two  individuals,  d^enerating  into  a  fight,  ends  by  spreading  the 
trouble  into  every  comer  of  the  city.  The  Adelie  is  a  savage  indi- 
vidual, constantly  in  conflict  to  defend  its  property. 

When  the  penguins  come  to  their  rookeries  the  male  be^ns  to 
search  for  s  female  with  whom  it  will  stay  until  the  young  are  able 
to  take  care  of  themselvee.  At  this  time  the  male  is  full  of  animation 
before  the  fwiale  uid  curries  on  a  vety  ardent  courtship.  Sometimes 
two  males  havii^  the  same  tastes  court  the  same  female.  There  is 
thm  seen  a  rivalry  in  gallantry;  the  female  surrounded  by  two  suiton 
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who  attack,  probably  witli  pretty  frords,  dares  not  decide  too  quickly. 
She  is  indmidated  and  these  attacks  of  gallantry  are  geaeraify  ended 
by  a  regular  battle  between  the  suitors;  but  we  can  not  say  with 
certainty  whether  the  Tictor  in  the  contest  inevitably  becomes  the 
husband  of  the  lady  Adelie. 

What  confusion  in  these  cities  of  the  Adelie;  how  many  quarrels 
oTer  stolen  pebbles  and  property  rights;  how  many  battles,  too, 
started  by  jealous. husbandsl  And  all  dus  occurs  on  ground  wet 
with  mating  snow,  stained  with  mud  the  color  of  wine  dregs. 

The  Adelies  lay  two,  very  rarely  three,  egga.  TTiey  are  slightly 
greem^-white;  their  weight  varies  between  125  aiid  135  grains. 
The  laying  begins  in  the  first  days  of  Xovember  and  ends  by  the  last 
of  December.    Male  and  female  alternately  sit  on  the  nest. 

The  female  takes  great  care  of  the  eggs;  several  times  during  the 
day  she  turns  them  .with  her  beak,  then  she  rests  on  them  so  as  to 
bring  in  contact  with  the  shell  the  re^on  of  the  abdomen  which  on  a 
lon^tudinal  median  surface  is  destitute  of  feathers.  The  lower  part 
of  the  e^s  rests  on  the  feet  of  the  bird.     . 

Incubation  lasts  from  33  to  86  days. 

The  first  broods  batdi  in  the  latter  half  of  December.  On  hatching 
they  are  covered  with  a  uniformly  blackish-gray  down,  darker  on  the 
head,  which  they  keep  for  seven  or  eight  weeks. 

After  the  hatdiing  of  the  eggs,  which  ends  in  the  first  hidf  of  Janu- 
ary, the  city  presents  great  animation.  The  parents  must  assume 
the  difficult  task  of  nourishing  the  broods,  which  are  rapidly  develop- 
ing. Also,  when  the  hatching  is  over,  the  male  and  female  in  turn 
alwndon  the  nest  to  go  a-fiahing. 

One  then  sees  tiie  Adehe  quit  the  rookery  in  little  flocks,  which 
always  follow  the  same  route,  and  in  fleeing  make  veritable  pa^ 
in  die  snow  to  reach  some  point  on  the  coast  where  it  will  be  easy  to 
launch  out  to  sea. 

The  penguins  remain  in  the  sea  only  long  enough  for  the  fishing. 
There,  in  fact,  they  encounter  their  formidable  enemies,  the  killers 
-  and  the  seals.  The  heron  seal  (Lobodon  carciTtophagua),  the  WeddeU 
seal  iLeptomy<Aote$  WeddMi),  and  especially  the  fierce  sea  leopard 
{Hydrurga  le'piorvyx),  take  for  their  nourishment  an  ample  supply  of 
penguins. 

The  fishing  ended,  alwa^  in  companies,  the  birds  return  to  the 
rookeiy,  where  they  are  impatiently  awuted  by  their  offspring. 

With  its  great  bMly>  which  reaches  to  its  feet,  the  young  bird  has  a 
veiy  clumsy  appearance,  Sometimee  completely  satiated,  it  remuns 
in  place  without  being  aUe  to  stir;  at  other  times,  moved  by  hungw, 
it  runs  after  some  adult  returning  from  the  sea;  it  harases  that 
unfortunate  until  it  finally  yields.  Through  a  sort  of  r^urgitation, 
\ha  bird  causes  part  of  the  food  to  return  into  the  throat,  where  the 
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I.  Adelie  Penguins  Waiting  for  the  Meltino  of  the  Snow  so  as  to  Build  their 
Nests  on  the  Rocks  Beneath.  In  the  Background  are  Two  Males  of  the  Same 
Taste  Seeking  the  Love  of  the  Same  Female. 


2.  Construction  of  a  Nest.   An  Adelie  Penguin  Carrvinq  a  Stone  in  His  Beak. 
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1.  ADELIE  PENfiUINS  MOLTINO.     THE  SnOW  IS  COVERED  V\ 
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1.  FlQHT  OF  AOELIE  PENOUINS. 


2.  The  Feeding  of  a  Younq  Aoelie  Penquin. 
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1 .  Corner  of  a  Rookerv  of  Adelie  Penouins.   Vounq  are  Seen  in  Each  Nest. 


2.  You  NO  Adelie  Penquins  Asandoninq  the  Rookerv. 
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young  glutton,  butying  its  head  almost  entire  in  the  beak  of  the  adult, 
searches  for  it. 

In  general,  the  broods  abandon  the  nests  a  few  at  a  time.  The 
youDg  now  keep  tc^ether  in  small  groups,  moving  about,  splashing 
in  the  midst  of  the  reddish  mud,  with  which  th^  are  covwed  from 
liead  to  foot.  The  veiy  disagreeable  odor  which  comes  from  them 
leaves  some  doubt  as  to  the  good  hygiene  of  these  animals.  Each 
group  is  confided  to  the  care  of  some  adults  which  carefully  watch 
over  all  these  noisy  and  already  inquisitive  young  creatures.  One 
side  of  the  rookery  ends  in  a  cUff  overhuiging  the  sea  or  a  ravine, 
some  adults  standing  there  as  sentinels.  Woe  to  the  curious  little  . 
one  that  ventures  too  near  tlie  dangerous  spot;  the  watchman,  with  a 
light  stroke  of  the  beak  or  of  the  wing,  reminds  the  rash  bird  of  the 
duty  of  obedience  and  of  the  need  of  returning  to  the  ranks. 

In  February  the  young,  little  by  Uttle,  change  the  down  for  the 
plumage  which  they  wear  for  a  year  or  until  the  next  molt.  They 
are  now  distinguished  from  the  adults  by  the  absence  of  the  white  im, 
also  by  the  color  of  the  throat,  which  is  white  instead  of  black,  Uie 
line  of  white  and  black  crossing  the  cheek  below  the  eye.  It  is  not 
until  the  next  molting  at  the  end  of  a  year,  in  February  or  Mardi,  that 
they  take  on  t^e  plumage  of  the  adult.  At  the  end  of  February  the 
young  can  care  for  themselves  j  they  leave  the  rookeries  and  ramble 
in  groups  along  the  coast.  From  day  to  day  their  number  dimin- 
ishes. They  leave  in  March,  going  norUiward  to  dwell  on  the  open  sea. 
The  parents  have  done  their  work.  Having  labored  for  their  off- 
spring during  four  months,  they  must  now  think  of  themselves. 
Winter  approaches,  they  must  form  the  new  habit  which  will  enable 
them  to  endure  bad  weather.  They  go  to  rest  on  the  snow  or  in 
some  crevice  of  the  rocks,  sheltered  from  the  prevailing  winds. 
They  remain  there  in  the  same  place,  without  moving,  during  the 
mtire  molting  season;  that  is  to  say,  for  20  days.  They  are  com- 
pelled to  live  on  their  reserve  fat.  They  become  unsightly,  resem- 
bling birds  poorly  stuffed,  eaten  by  insects. 

At  the  end  of  March,  when  the  molting  is  over,  the  birds  in  small 
flocks  gradually  leave  their  city,  to  which  they  will  again  return  at  the 
close  of  winter,  after  seven  months'  absence. 

Finally,  the  lost  species,  which,  like  the  Adelie,  is  distributed 
over  the  whole  extent  of  the  Antarctic  continent,  is  the  Emperor 
Penguin  (Aptenodytea  Forateri),  a  bird  of  large  size,  sometimes 
readiing  a  height  of  1  meter  10  centimeters  and  a  we^ht  of  40  kilo- 
grams. It  is  a  very  beautiful  bird;  its  head  is  jet  black;  on  each 
ude  of  tJie  head  a  band  of  golden  yellow  diminishes  gradually  toward 
the  neck  and  ventral  r^oua;  the  back  is  bluish-gray,  the  beak  to 
the  base  of  the  mandibles  purplish-rose.  The  Emperor  does  not 
leave  the  polar  regions,  where  tiie  birds  are  found  in  small  groups 
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on  the  iceb^^.  If  two  grottpB  happen  to  meet,  the  leaders  "boyr  to 
each  other,  lowering  their  beaks  on  their  breaste ;  remaining  in  this 
position,  they  hold  a  long  discouree;  then,  complimente  having  been 
exchanged,  thej  raise  their  heads  and  deecribe  a  great  circle  with 
tiieir  beaks.  They  act  in  the  same  way  toward  men,  who  generally 
have  great  difficulty  in  und^Btanding  this  mimiciy,  obliging  the 
penguin  to  begin  over  again. 

The  habits  of  this  penguin  are  very  different  from  those  of  the 
birds  that  we  have  just  considered.  The  mode  of  reproduction  is 
very  peculiar,  and  has  been  ably  studied  by  Mr.  Wilson,  naturalist 
of  the  Diseovery  expedition.  It  occurs  in  the  dead  of  winter,  in  the 
middle  of  the  polar  night,  at  ibe  end  of  June  in  cold  that  may  reach 
60  C.°  below  zero  when  the  Emperors  gather  together  near  the  coota- 
nent,  on  a  solid  iceberg,  to  lay  a  single  egg.  There  are  no  prepara- 
tions, no  nest. 

To  keep  the  ^^  ofF  tile  ice,  the  per^fuin  places  it  on  his  feet,  held 
between  his  legs,  protected  by  a  fold  of  skin  covered  with  feathers 
at  the  base  of  the  abdomen.  As  Uie  incubation  lasts  nearly  two 
months,  the  birds,  of  which  not  many  are  eng^ed  in  brooding, 
pass  the  ^g  to  one  another  in  turn.  At  the  b^inning  of  Septemb^ 
the  young  is  hatched.  As  there  is  only  one  chide  to  ten  or  so  adulte, 
and  as  every  one  of  the  latter  wishes  to  brood,  there  is  much  jostling 
and  struggling  to  get  possession  of  the  little  one,  that  brings  upon 
the  poor  creature  unintentional  wounds,  sometimes  causing  its 
death. 

Toward  the  end  of  October  migration  toward  the  north  takes 
place,  the  birds  letting  themselves  be  carried  off  on  fragments  of  ice 
brokoi  from  the  icebei^;  the  chicks,  still  covered  with  down,  are 
carried  by  their  parents.  In  January  they  lose  this  down  and  from 
this  time  on  they  provide  for  themselves. 

While  the  young  live  "on  Hie  outskirts  of  the  iceba^  the  adulte 
return  south  to  seek  solid  ice  on  which  they  go  to  molt,  then  in  the 
month  of  June  they  come  tt^ether  f^ain,  and  the  cycle  tiiat  we 
have  just  briefly  described  h^ins  anew. 

We  have  been  obliged  to  pass  very  rapidly  over  the  study  of  these 
birds,  of  which  we  have  been  able  to  give  only  a  slight  sketch. 

But  it  is  easy  to  undeistand  that  the  Antarctic  region  possesses  a 
distinct  avian  fauns,  characterized  by  several  very  remarkable 
zoological  types,  and  presenting  very  nearly  the  same  composition 
throughout  its  extent.  DifTerent  members  of  this  fauna  extend  to 
very  variable  distances  over  certain  adjacent  lands,  in  such  a  way 
as  to  exert  a  greater  or  less  influence  on  the  characteristicB  of  the 
ornithological  population  of  neighboring  regions. 
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THE    DERIVATION    OF    THE    EUROFEAN    DOMESTIC 
.      ANIMALS.' 


By  Prof.  Dr.  C.  Keller  (Zurich). 


The  tremendous  advances  made  in  zoogeographic  investigations, 
eepeciaUy  those  of  the  last  dec&de,  are  veiy  gratifying,  and  the  results 
have  proven  eapectally  fruitful  in  shedding  new  light  upon  certain 
geological  problems,  but  they  likewise  emphasize  another  fact, 
namely,  that  in  dealing  with  zoogeographic  questions  zoologists 
have  so  far  concerned  themselves  chie^  with  wild  faunas.  The 
domesticated  fauna  seems  to  have  been  overlooked  and  it  is  seldom 
indeed  that  a  modem  zoogec^aphic  work  touches  this  phase  in 
more  than  an  exceedingly  superficial  way.  Although  the  domesti- 
cated fauna  is  still  considered  a  negligible  quantity  by  many,  ^lis  is 
evidently  due  to  old  traditions  which  one  might  well  dispense  with 
at  the  present  time. 

It  is  true  that  this  relatively  young  fauna,  produced  under  the 
influence  of  man,  can  throw  no  light  upon  general  geographic  and 
geoli^c  problems,  but  it  becomes  important  in  the  history  of  culture 
and  offers  valuable  points  in  the  discussion  of  anthropological  ques- 
tions. The  faunal  charact-er  of  a  given  r^ion  is  very  often  domi- 
nated by  the  domesticated  fauna,  and  while  the  latter  is  small  as  far 
as  the  number  of  species  is  concerned,  yet  it  makes  up  for  this  by  a 
large  number  of  individuals.  The  domesticated  nTiimflln  enter  into 
close  competition  with  the  surrounding  wild  fauna  and  force  it  into 
the  bac^^ound  or  even  to  extinction.  A  long  account  might  be 
written  upon  the  changes  i^ich  have  thus  taken  place  in  certain 
r^ons.  I  will  simply  aJlude  to  what  has  occurred  in  North  America, 
South  Africa,  and  Australia,  where  the  native  fauna  was  forced  to 
retreat  all  along  the  line,  in  parts  even  exterminated,  during  the  last 
century,  to  make  room  for  an  entirely  new  fauna,  that  of  the  domesti- 
cated species.  On  European  soil  these  changes  took  place  in  a  lees 
vigorous  manner,  though  the  keeping  of  domesticated  animals  had 
its  beginning  here  m  neolithic  times,  when  it  was  very  generally 
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practiced  in  southein  Europe.  The  native  fauna  gave  wsj  Tery 
slowly  but  steadily. 

It  is  not  my  desire  to  discuss  all  phases  of  this  process,  which  ex- 
tends back  into  ancient,  yes,  even  into  prehistoric  times.  I  omit  a 
consideration  of  changes  in  the  native  fauna  and  will  confine  myself 
entirely  to  the  introduction  of  domesticated  animals,  so  far  as  we 
can  at  present  determine  the  individual  phases  of  this  process  in 
Europe.  The  solution  of  this  problem  has  been  attempted  at  various 
times,  but  the  result  has  untU  very  recently  been  incomplete.  We 
shall  attempt  to  demonstrate  here  what  constitutes  autochthonous 
dfffivation  and  what  has  been  added  from  foreign  sourcea. 

It  is  evident  that  the  phjlogenetic  relationfihlps  had  to  be  estab- 
lished before  these  tangled  problems  could  be  approached.  Half  a 
century  ago  the  task  seemed  hopeless.  It  is  sufficiently  sigmficaiit 
that  the  cdebrated  and  venerable  master  of  biolc^,  Charlee  Darwin, 
as  late  as  1859,  in  the  first  chapter  of  his  path-breaking  work, "  Origin 
of  Species,"  gave  utterance  to  the  statement  that  "  The  origin  of  most 
of  our  domestic  «.nintftln  will  probably  forever  remain  vague."  IIub 
really  sounded  pessimistic,  almost  like  a  scientific  "Lasciate  ogni 
speranzat" 

To-day  we  no  longer  worship  this  pessimism,  for  bit  by  bit,  though 
not  without  much  effort,  we  have  had  many  surprising  glimpses  into 
the  history  of  the  domesticated  animals  of  Europe. 

In  the  same  year,  1859,  a  French  investigator,  I^dore  Geoffroy 
St.  Hilaire,  approached  these  problems  in  a  decidedly  optimistic 
manner.  He  tried  to  determine  the  time  of  appearance  and  the 
geographic  derivation  of  our  domesticated  animals.  The  Orirait  and 
particularly  Asia,  seemed  to  him  to  be  the  original  home  of  most  of 
these  animals,  especially  those  which  were  attached  to  the  home  in 
the  most  remote  times,  that  is,  the  dog,  horse,  ass,  pig,  camel,  goat, 
sheep,  cow,  pigeon,  and  the  hen.  It  is  true,  he  approaches  the  sub- 
ject rather  one-eidedLy,  sioce  he  bases  his  deductions  chiefly  upon 
cultural  history  and  does  not  permit  the  necessaiy  analytic  compara- 
tive anatomy  to  a^ume  its  proper  place.  He  later  received  con- 
siderable aid  from  Victor  Hehn  who  followed,  entirely  one-sided, 
linguistic  methods.  His  well-known  work,  "Eulturpflanzen  und 
Haustiere  in  ihrem  Hbei^ai^  aus  Asien  naeh  Grichenland  und 
Italien,"  which  received  an  altogether  undeserved  attention,  has  not 
always  been  accorded  favorable  criticism  from  the  scientific  side, 
and  even  after  its  careful  revision  by  Schrader  it  may  be  looked  upon 
as  out  of  date. 

In  1862  Ludwig  BQtimeyer's  claasic  "Fauna  der  Ffahlbauten" 
appeared  and  formed  the  turning  point  in  the  investigations  of  the 
history  of  European  domestic  animals.  In  this  woric,  through  pre- 
historic and  comparative  anatomic  methods,  facta  were  adduced  in  a 
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Bcimtific  and  unch&llengeable  m&nner,  ahowing  that  aliendy  wiUi 
the  beginning  of  the  Lake  Dwellings  a  goodly  number  of  domeetic 
animals  had  made  their  appearance  in  Ehirope.  They  were  some- 
what different,  it  is  true,  from  the  present  forms,  being  more  primitive 
and  simpler  in  their  race  fusion,  but  nevertheless  the  races  of  to-day 
have  their  foundation  in  many  instances  in  those  of  the  Lake  DweU- 
ings.  BOtimeyer's  opinions,  although  many  times  attacked,  have 
in  the  main  remained  unshaken.  BUtimeyer  was  not  satisfied  to 
simply  expound  the  historic  facts,  but  he  attempted  in  a  number  of 
cases  to  connect  these  ftnimitlii  with  their  wild  progenitors  by  com- 
parative anatomic  studies.  It  is  true  the  material  available  at  that 
time  was  very  limited.  The  dtnneetic  BBimals  of  Asia  and  Africa 
were  little  known.  Even  Europe,  which  might  have  fumisbed  val- 
uable keys  to  the  situation,  was  insufiiciently  explored,  and  in  fact 
remains  so  to-day.  The  gMiial  SOtimeyer  nevertheleBS  recognized 
the  relations  with  ancestral  fonns  perfectly  correctly.  He  cleared  up 
the  cattle  question  and  in  conjunction  with  Hermann  v.  Nathusius, 
determined  in  a  different  manner  the  derivation  of  the  domeetic  pig. 
Other  derivation  questions,  which  he  did  not  deem  sufficiently  clear, 
he  left  open  for  future  consideration. 

Charles  Darwin  hailed  Ratimeyer's  discoveries  with  great  enthusi- 
asm in  England.  He  was  even  stimulated  to  imdertake  personal 
inveetigationB,  which  resulted  in  a  commendable  expounding  of  the 
derivation  of  the  pigeons,  chickens,  and  rabbits.  Even  in  the  phy- 
logeny  of  the  dogs,  he  developed  correct  and  basic  principles. 

Other  questions  of  the  day  forced  the  problem  of  domestic  animals 
into  the  background,  whence  it  later  emerged  to  a  prominent  position. 
A  retrogressive  movement  tended  to  discredit  the  Darwinian  basis. 
But  the  domestic  species  were  responsible  for  the  most  important 
fbundatioD  of  the  Darwinian  teachings,  and  a  careful  revision  of 
these,  therefore,  seemed  absolutely  necessaiy  to  support  these  doc- 
trines. In  fact,  the  study  of  the  history  of  the  domestic  ftniniftlff  of 
Europe  and  otJier  places  had  never  ceased.  Austria  has  at  all  times 
displayed  a  lively  interest  in  such  problems.  I  will  remind  you  of 
f^tidnger,  who  followed  domesticated  animal  geography  until  1876. 
The  labors  of  Wilkens  and  especially  those  of  Leopold  Adametz  have 
thrown  much  light  upon  the  cattle  question  viewed  from  the  zootech- 
nio  standpoint,  while  those  of  Woldrich  and  Jeiteles  have  empha- 
sized the  prehbtoric  side.  In  Qermany  the  labors  of  Alfred  Nehring 
are  well  known.  With  the  assistance  of  my  students  I  have  per- 
sonally attacked  the  problem  of  the  domesticated  aoimal  in  all  its 
phases,  and  thus  a  lot  of  material  has  accumulated,  which  will  give 
us  a  clearer  insist  into  the  question.  If  we  examine  the  derivation 
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of  Europesn  domeetic  animals  in  the  light  of  our  present  knowledge, 
we  find  it  evident  that  they  came  to  us  from  various  sources. 

In  the  first  place,  we  have  a  iasge  contingent  which  is  of  European 
ori^,  and  ^is  we  must  designate  as  having  been  derived  in  an 
autochthonous  mannw. 

Alfred  Nehring  furnished  the  convincing  proof  about  the  horse, 
that  the  heavy,  calm  strains,  which  one  designates  as  occidental 
horses,  are  traceable  to  a  diluvial  wild-horse  ancestor  of  middle 
Europe. 

The  pigs  with  the  sharp  backs,  still  strongly  represented  in  the 
northern  Alps,  especially  in  Bavaria  and  northern  Oermany,  were 
shown  by  Hermann  v.  Nathusius  and  Ludwig  Rfttimeyer  to  be  de- 
Bceadants  of  the  wild  pig  of  Europe;  and  the  short-tailed  domestic 
sheep,  which  at  present  have  been  forced  far  to  the  north,  appear 
veiy  probably  to  have  been  derived  from  the  south  European  mouflon. 
^  2Jo  investigator  doubts,  since  BUtimeyer  made  his  brilliant  investi- 
gations, that  the  heavy  cattle  of  the  steppes  of  southeastern  Europe 
and  the  lowland  cattle  of  northweetem  Europe  have  sprung  from  the 
aurochs  {Bos  primigenias) ,  which  persisted  as  a  wild  animal  down  to 
historic  times.  In  spite  of  all  the  remonstrances  made  to  me,  I  am 
still  forced,  even  more  than  ever,  by  my  recent  investigations,  which 
will  be  published  in  a  large  monograph  in  the  near  future,  to  con- 
sider the  mainland  of  Greece  as  the  starting  point  of  the  Bos  primi- 
genius  domestication  in  the  early  Mycenian  times.  The  entire 
process  is  clearly  represented  on  tiie  noted  gold  goblet  of  Vaphio, 
which  undoubtedly  is  based  upon  close  observation  in  nature.  One 
might  object,  saying  that  no  osteologicalfinds  of  the  ur  (aurochs)  have 
been  made  in  ^at  region.  But  yet  I  have  recently  demonstrated 
by  means  of  old  Cretan  ur  pictures  and  undoubted  ur  bones  that  Bos 
primigenius  lived  in  that  region  up  to  the  early  historic  period  all 
objections  must  vanish.  The  latest  finds  tell  us  that  even  before  the 
Hycenic  period  the  domesticating  of  animals  had  b^un  in  Crete. 
The  latest  efforts  to  prove  that  the  ur  was  first  domesticated  in  Meso- 
potamia appear  to  me  to  be  entirely  misplaced. 

To  the  smaller  domesticated  animals,  Europe  has  but  compara- 
tively recently — that  is,  in  historic  times — added  the  rabbit,  the  goose, 
and  the  duck.  A  second  category  of  domestic  animals  in  Europe 
is  surely  of  Asiatic  origin — that  is,  introduced.  This  is  not  su> 
prising,  for  Europe,  geographically  considered,  is  only  an  Asiatic 
dependent^.  Nothing  seems  more  natural  than  that  this  colossus 
land  should  have  given  us  much  from  its  overabundance  of  domestic 
animals.  I  feel  certain  that  the  spitz  dog,  like  the  peat  dog  of  the 
Lake  Dwellers,  came  from  western  Asia.  Even  of  more  certain  Asiatic 
origin  are  the  bronze  dogs,  whose  little-altered  descendants  greet  us 
to-day  in  the  form  of  the  shepherd  dog,  both  of  which  have  sprung 
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from  tlie  Indian  wolf.  It  is  easily  demonatrated  that  the  original 
home  of  the  great  "dogge"  is  to  be  found  in  the  h^hlands  of  Tibet. 
They  became  established  in  Buiope  at  the  time  of  Alesander  the 
Great,  and  appeared  in  our  northern  Alps  at  the  beginning  of  the 
fiist  centuiy,  where  they  were  distributed  by  the  Bomana.  They 
have  been  demonstrated  in  the  Boman-Helvetian  colony  of  Vin- 
dooissa  and  in  southern  G^many. 

That  the  domeetic  goat,  which  was  kept  by  the  oldest  Lake  Dwel- 
lers, ia  of  west  Aaiatio  origin,  and  derived  from  the  Bezoar  goat,  ia 
universally  acknowledged.    It  came  through  the  Aegean  Islands. 

In  very  early  times,  during  the  Hycenian  period,  wool  sheep 
reached  Greece  and  the  rest  of  southern  Surope.  The  story  of  the 
"  Golden  Fleece"  points  toward  Colchia,  to  the  east  of  the  Black  Sea, 
as  its  ori^al  home,  and  zoogeographio  facta  point  favoraUj  in 
that  direction. 

As  for  our  pigs,  the  investigations  of  B&timeyer  and  Nathuslos 
have  proved  that  even  in  pr^iistoric  times  Aaiatic  blood  reached 
Europe.  The  banded  pig  (Sua  vittaiua)  distributed  over  southeast 
Asia  ia  the  wild  pig  from  which  tiie  domesticated  Asiatio  pig  has  been 
developed.  All  doubts  about  this  are  dispelled  by  the  anatomic 
facts  of  the  case.  Southern  Europe  has  always  kept  these  pigs  to  the 
exclusion  of  all  othera.  I  was  able  to  demonstrate  their  presence  in 
the  .^Egean  Archipelago,  even  as  far  back  as  the  neolithic  period.  The 
examination  which  I  conducted  upon  the  skulls  of  the  Spanish  and 
Sardinian  domesticated  p^  showed  that  even  to-day  the  Asiatic 
race  has  retained  its  pure  strain  in  the  Mediterranean  region.  It 
was  long  unknown  whk^  ocean  route  had  been  used  in  the  transport 
tation  of  this  animal,  in  so  far  as  the  Semitic  culture  of  Meaopotaonia 
probably  refused  this  domeetic  animal.  Lippert  expressed  the 
opinion  that  it  might  have  reached  tlie  west  along  the  northern  border 
of  Mesopotamia.  The  investigations  of  J.  U.  DOiat  upon  the  bone 
remains  from  the  old  culture  strata  of  Anau  in  Tui^Bstan  have  sub- 
stantiated these  opinions  in  every  way. 

There  can  be  bo  doubt  that  Asia  gave  to  Europe  from  its  wealth  of 
domesticated  horses.  The  dainty  oriental  horses  prevail  over  others 
even  to-day  in  the  east  and  south  of  our  continent.  But  whether,  in 
additbn  to  the  Przewalsky  horse,  another  ancestral  horse  will  have  to 
be  considered  has  not  been  completely  established  as  yet.  But  that 
hotsea  were  first  domesticated  in  the  interior  of  Asia  has  been  estab- 
lished from  the  historic  cultural  fact  that  the  domestic  horse  appeared 
first  in  large  numbers,  hiatoricaJly  considered,  in  the  interior  of  Asia. 

The  prehistoric  preaence  of  the  domeatic  hoise  is  known  for  Turk- 
estan, where  it  occurs  in  the  very  oldest  culture  strata.  This  has  the 
characters  of  the  oriental  horse  and  was  of  small  size.  It  may  have 
become  distributed  over  Asia  Minor  at  an  early  period,  whence  it 
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moat  likely  reached  Europe  throu^  the  old  Cretan  and  Minos  cul- 
ture. Arthur  Evans  discovered  picturee  at  Enoesos  in  which  horses 
were  b«nsported  upon  ships. 

In  a  few  words  I  would  like  to  point  out  l^t  the  species  of  camels 
appeared  first  under  domestication  in  the  interior  of  Asia  and  that 
dieir  distribution  was  relatively  late.  Europe  received  this  Asiatic 
contribution  only  in  the  south,  and  there  even  only  locally.  As  a 
curiosity  it  might  be  mentioned  that  the  camel  appeared  in  the 
northern  Alps  at  the  beginning  of  the  firat  century.  I  received  a 
fragment  of  an  upper  jaw  from  the  Helvetian-Roman  colony  Yin- 
donissa.  The  Romans  probably  only  introduced  single  animals  for 
E^ow,  for  it  is  hardly  possible  that  they  were  used  for  agricultural 
purposes. 

The  oldest  center  of  domesticated  cattle  is  situated  in  southeast 
Asia.  I  devoted  many  years  to  the  cattle  question  and  was  able  to 
demonstrate  upon  the  basis  of  proper  anatomical  material  that  a 
single  speoias,  the  banteng  (Bos  soridaieui),  which  still  exists  in  the 
wild  state  in  those  r^ons,  constitutes  the  sole  progenitor  of  that 
stock.  This  stock  migrated  westward,  namely,  into  Africa,  and  the 
smaller  racee  reached  Europe,  even  in  prehistoric  times,  where  they 
have  continued  to  the  present  day  as  the  smaller,  short-homed  race. 
The  Asiatic  stock  ia  the  richest  in  individuals  and  the  most  univNsally 
distributed. 

Of  our  domestic  birds,  the  hen,  as  Darwin  has  pointed  out,  is  of 
southeast  Asiatic  origin.  In  those  regions  alone  combed  chickens 
occur  in  a  wild  state.  We  can  follow  the  route  of  the  hen  over 
Persia  to  Greece,  where  it  arrived  in  the  middle  of  the  first  centuiy 
B.  C;  that  is,  in  historic  times. 

The  peacock  also  comes  from  southern  Asia. 

The  pigeon  is  probably  of  west  Asiatic  origin,  for  in  histoty  it 
appears  &st  in  the  southeast  como'  of  the  Mediterranean,  where  it 
is  frequently  associated  with  cultural  rites.  On  the  other  hand,  the 
pigeon  was  already  well  established  during  the  older  dynasties  of 
E^iypt,  and  it  is  not  impossihle  t^t  it  was  first  domesticatf^d  in  the 
valley  of  the  Nile.  We  do  not  wish  to  discredit  a  considerable  con- 
tribution from  Asia,  but  I  have  for  years  defended  the  position  that 
Africa  has  furnished  us  more  than  we  have  been  accustomed  to 
admit.    This  African  importation  is  quite  considerable. 

Even  the  short-homed  cattle,  which  reached  Europe  during  the 
neoUthic  period  and  which  has  maintained  its  primitive  form  in 
southern  Europe,  and  has  continued  as  the  brown  cattle  of  the  central 
Alps,  it  seems  most  plausible  to  me,  appears  to  have  reached  Europe 
from  Asia  by  way  of  Africa.  Even  Ratimeyer  noticed  that  the 
typical  form  was  found  in  north  Africa.  Latdy  Prof.  Naville  has 
found  a  wtmderful  stone  statue  of  a  sacred  cow  of  the  eighteenth 
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dynaaty,  vboae  head  oorrosponda  wonderfully  with  that  of  the  Sar- 
dinian cattle.  Western  Asia  never  did  poaseaa  a  sufficiently  great 
abundance  of  cattle  to  part  with  a  considerable  quantity  of  it.  It  is 
also  a  remarkable  fact  that  short-homed  oatUe  appear  relatively  late 
and  scantily  in  the  cultural  strata.  It  is  possible  that  this  cattle 
may  have  reached  western  Asia  by  way  of  i^gypt  and  Syria,  for  the 
culture  of  the  Nile  Valley  ia  much  older  than  that  of  western  Asia. 

Of  undoubted  African  ori^  is  the  peat  sheep,  that  amah  goat-like 
race  of  sheep  which  was  first  demonstrated  in  the  I^ake  Dwellings  of 
Switzerland,  and  which  has  maintained  itself,  almost  as  a  pure  strain, 
to  the  turning  of  the  century,  in  small  remnants,  in  the  lesser  isolated 
valleys  of  the  BQndneroberltmd.  The  characters  of  the  skull  and  the 
long  tail  point  to  a  half  sheep.  Old  Egyptian  pictures  teach  us  that 
the  African  maned  sheep  was  domesticated  at  an  early  period  in  the 
Nile  Valley ;  and  I  BurmisD  that  the  peat  sheep  has  made  ite  way  from 
Egypt  over  Greece  to  Europe,  I  base  my  conclusions  on  this  point 
upon  a  few  sheep  pictures  from  the  Mycenio  period.  Lat«Iy  I  found 
not  only  peat  aheep  remains  of  the  neolithic  period  in  Crete,  but 
also,  to  my  great  surprise,  many  herds  of  smidl,  pure  strain,  peat 
aheep  in  the  hills  of  Crete,  which  have  berai  able  to  maintain  them- 
selves there  in  full  vigor  to  the  present  time.  Of  AMcan  source  ia 
also  the  domestic  ass,  ^lose  derivation  from  the  African  wild  asa 
was  completely  demonstrated  by  Darwin.  This  animal  entered 
Europe  at  a  very  early  date,  but  became  an  agricultural  element  only 
in  ttw  lands  along  the  Mediterranean.  Its  domestioation  dates  far 
back  in  Africa.  It  was  pressed  into  service  long  before  the  horse, 
and  was  probably  first  domesticated  by  the  old  Hamites. 

That  the  house  cat  ia  of  African  ori^  goes  widiout  challeogej 
likewise  that  it  was  extracted  from  the  Nubian  cat.  It  is  minaing 
in  our  Lake  Dwelling  period,  and  has  made  only  slow  progress  in 
historic  times  in  Europe. 

Afiioa,  and  especially  Egypt,  has  also  furnished  us  some  of  our 
do^.  The  Paria  dogs  of  Turke^  and  southern  Bulgaria,  which  I 
had  a  chance  to  observe  recently  in  Constantinople,  are  related  to  the 
Paria  dogs  of  £%ypt. 

The  greyhounds  are  undoubtedly  of  African  ori^  and  are  derived 
from  the  Abyssinian  wolf  (.Cdnia  siTtienaia),  In  the  time  of  the  older 
dynasties  the  greater  part  still  possessed  erect  ears,  and  they  were 
greatly  prized  in  the  land  of  the  Pharaohs.  Tbia  old  race,  which  one 
finds  so  often  represented  on  antique  mural  paintings,  became  extinct 
in  the  Nile  Valley  at  an  unknown  period.  Thur  progeny  has, 
through  further  domestication  and  breeding,  become  strongly 
changed,  but  not  entirely  loat.  I  recently  found  Uving  on  the  east 
Spanish  islands  of  Mallorka  and  Ibiza  a  strong  colony  of  the  erect- 
eared  greyhound  of  oM  ^ypt.    In  1909  I  was  able  to  demonstrate 
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a  second  colony  on  the  ialand  of  Crete.  For  the  long-eared  hunting 
dogs  we  will  also  have  to  aasiime  an  African  origin,  for  they  appear 
first  in  the  oldest  dynaatiee;  in  fact,  it  is  questionable  if  they  have  not 
been  demonstrated  in  neolithiu  times,  thougb  this  seems  to  be  carry- 
ing things  a  little  too  far.  Hunting  dogs  reached  the  lands  of  the 
Mediterranean  from  Egypt,  whwe  they  are  still,  nmnerically  speak- 
ing, beat  represented. 

In  conclusion,  I  wish  to  answer  the  question:  From  what  places  in 
Asia  and  Africa  did  the  animals  emigrate  to  reach  Europe  ? 

This  question  is  most  intimat^y  related  with  the  derivation  of  the 
sum  total  of  European  culture,  of  which  the  domestic  animals  form  a 
considerable  part  of  the  eulturai  acquirement. 

How  far  the  lands  of  the  Caucasus  hare  figured  as  an  entrance 
port  remauis  to  be  detwmined.  It  is  importfuit  to  consider  next 
the  ^gean  Isles  as  an  intermediary ,  for  these  form  a  bridge  to  Europe. 
Here  one  has  recently  discovered  a  peculiar  island  culture,  which,  in 
many  respects,  might  be  considered  Myoenian.  This,  of  course,  is 
uncertain.  To  our  great  surprise,  a  much  older  and  much  more 
remarkable  culture  has  been  discovered  on  the  island  of  Crete  in  the 
last  10  years.  Following  Arthur  £>vans,  one  now  calls  this  the 
"Mmoic  culture."  This  must  be  considered  the  root  from  whicb  the 
later  Mycenian  culture  sprang. 

I  convinced  myself  in  1909  by  examinations  made  on  the  spot 
that  the  Minoic  bone  remains  and  pictures  embrace  the  most  im- 
portant domesticated  animHlg  of  Europe. 

Old  Crete,  indeed,  formed  a  stepping-stone  over  which  most  of  the 
domestic  animals  of  Asia  anS  Africa  passed  to  reach  the  mainland 
of  Europe.  Tha  geographic  position  of  Crete  was  exoeedingly  well 
suited  to  pUy  this  intermediary  r61e,  for  in  the  first  place  Utia 
island  lies  equidistant  from  the  three  continents,  and,  besides,  it 
possessed  a  considerable  navy  even  at  the  time  of  Minos,  whose  ships 
were  in  dose  touch  with  the  east  and  south.  Even  as  far  back  as 
3000  B.  C.  a  decided  cultural  influence  from  lE^ypt  afiected  this 
lai^e  island  of  the  Aegean  Sea,  while  the  Asiatic  influence  was  stiU 
scarcely  recognizable.  Painting  and  sculpture  show  remai^ble 
progress  at  an  early  period,  of  which  the  animal  representations 
possess  an  especial  interest  to  us.  Bone  finds  also  are  not  absent, 
and  these  documents  furnish  us  with  valuable  data  concerning  the 
trend  taken  by  wanderings  of  the  domestic  animals, 

Crete  was,  even  during  the  neolithic  culture  period,  a  prominent 
center;  for  example,  t^e  neolithic  deposits  in  Knossos,  attained  the 
size  of  6  meters  or  more.  In  these  I  was  able  to  demonstrate  re- 
mains of  the  peat  sheep,  the  peat  pig,  and  peat  cattle.  These  races, 
therefore,  have  undoubtedly  been  transmitted  to  us  over  Crete. 
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In  Mochlos,  an  ancient  culture  station  on  the  Bay  of  Mirabella, 
I  found  upon  the  lid  of  a  vessel  made  of  black  steatite  the  splendidly 
carved  figure  of  an  erect-eared  greyhound.  Such  greyhounds  as  were 
bred  in  Egypt  had  evidently  reached  Crete  2000  years  B.  C.  They 
appeared  then  frequently  upon  ancient  Cretan  coins,  such  as  those  of 
Kydonia.  The  greyhooads  of  Crete  were  famous  in  ancient  days 
and  were  exported  in  great  numbers  to  the  mainland  of  Greece. 

Hie  same  route  was  followed  by  the  cat.  That  their  original 
home  is  to  be  found  in  the  Nile  Valley  may  be  assumed.  They 
reached  Crete  during  the  later  Minoic  period,  for  we  know  of  a 
mural  painting  belonging  to  the  period  of  about  1500  B.  C.  which 
comes  from  Fh&stos  and  represents  the  domestic  cat  quite  well. 
This  animal  also  appears  upon  a  Mycenic  terra  cotta  from  Gournia. 
It  arrived  in  Greece  much  later. 

Horses  were  obtained  in  Asia  Minor.  A  picture  from  Knossos 
represents  their  transportation  by  boat  very  graphically.  In  a  similar 
manner  the  ass  must  have  reached  Crete  and  Greece  from  north 
Africa. 

It  can  be  shown  with  considerable  certainty  that  the  pigeon 
reached  Europe  by  way  of  Crete.  It  is  pictured  at  the  time  of  Minos, 
and  is  associated  with  cultural  rites.  It  probably  reached  Sicily  from 
Crete. 

An  important  domestic  bird  of  Egypt,  the  Nile  goose,  was  also 
brought  to  Crete.  Its  picture  occurs  upon  an  earthenware  coffin, 
excavated  at  Gortyna;  but  tois  bird  disappeared  there  &a  in  its  old 
home  and  was  unable  to  reach  the  mainland  of  Europe. 

If  we  recall  that  anciant  Crete,  even  during  the  Hero  period, 
and  in  the  b^inning  of  the  earUest  historic  period,  extended  its 
ouIttu«  over  the  Cyclades  and  even  subjugated  Athens  and  possessed 
colonies  in  Asia  Minor,  then  we  will  understand  its  bearing  on  the 
distribution  of  the  domesticated  animal  culture.  The  great  peiiod 
of  Minos  Island  ia  past,  for  already  at  the  conclusion  of  the  Trojan 
War  e  decline  began,  and  its  independence  was  lost  to  the  Bomans  at 
the  beginning  of  the  first  century.  But  the  domesticated  animals 
of  that  ancient  period  remained  and  persist  as  living  relics  even  to  the 
present  day. 

I  have  been  tau^t  by  an  examination  of  the  domestic  animals  of 
Crete  as  they  exist  to-day  that  the  old  peat  cattle,  the  Cretan  dogs, 
and  the  goat-hke  peat  sheep  are  living  witnesses  of  that  ancient 
domeetio  animal  migration  whose  ultimate  goal  was  Europe. 
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LIFE:  ITS  NATURE,  ORIGIN,  AND  MAINTENANCE.' 


Y  E.  A.  SokSub,  LL.D.,  D.Sc..  M.D.,  F.R 
Pro/ator  of  Phenology  in  BAninirgh. 


In  the  following  essay,  which  formed  the  presidential  address  to  the 
British  Association  at  its  meeting  in  Dundee  in  1912,  I  hav'e  tried  to 
indicate  in  clear  language  the  general  trend  of  modem  biochemical 
inquiries  regarding  ^e  nature  and  origin  of  living  material  and  the 
manner  in  which  the  life  of  multicellular  organisms,  especially  that  of 
the  higher  anin^als  and  man,  is  maintained.  I  have  also  stated  the 
oonclusions  which  it  appears  to  me  may  legitimately  be  drawn  from 
the  result  of  those  inquiries,  without  ignoring  or  rniniinizing  such 
difficulties  as  these  conclusions  present. 

There  is,  it  may  be  admitted,  nothing  new  in  the  idea  that  living 
matter  must  at  some  time  or  another  have  been  formed  from  lifeless 
material,  for  in  spite  of  the  dictum  omne  vvmim  e  vivo,  there  was  cer- 
tainly a  period  in  the  history  of  the  earth  when  our  planet  could  have 
supported  no  kind  of  life,  as  we  understand  the  word;  there  can, 
therefore,  exist  no  difference  of  opinion  upon  this  point  among 
scientific  thinkers.  Nor  is  it  the  first  time  that  the  possibility  of  the 
synthetic  production  of  living  substance  in  the  laboratory  has  been 
BU^ested.  But  only  those  who  are  ignorant  of  the  progress  which 
biochemistry  has  made  in  recent  years  would  be  bold  enough  to 
affirm  that  the  subject  is  not  more  advanced  than  in  the  days  of 
Tynd^  and  of  Huxley,  who  showed  the  true  scientific  instinct  in 
affirming  a  belief  in  the  original  formation  of  life  from  lifeless  materia] 
and  in  hinting  at  the  possibility  of  its  eveniual  synthesis,  although 
there  was  then  far  less  foundation  upon  which  to  base  such  an  opinion 
than  we  of  the  present  day  possess.  The  investigations  of  Fkcher, 
of  Abderhalden,  of  Hopkins,  and  of  others  too  numerous  to  mention, 
have  thrown  a  flood  of  light  upon  the  constitution  of  the  materials 
of  which  living  substance  is  composed;  and,  in  particular,  the  epoch- 
making  researches  of  Kossel  into  the  chemical  composition  of  nuclear 
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substance — which  in  certain  forms  may  be  r^arded  as  the  simplest 
type  of  living  matter,  while  it  is  certainly  the/oTW  et  origo  of  all  active 
chemical  processes  within  most  cells — have  shown  how  much  less 
complex  in  chemical  nature  this  substance  may  be  than  physiologists 
were  a  few  years  ego  accustomed  to  regard  it.  On  this  and  other 
grounds  it  has  lately  been  independently  suggested  by  Prof.  Minchin 
that  the  first  living  material  originally  took  the  form,  not  of  what  is 
commonly  termed  protoplasm,  but  of  nuclear  matter  or  chromatin: 
a  su^eation  which  appears  by  no  means  improbable. 

If  the  honored  names  of  Charles  Darwin,  Ernst  H&ckel,  and  August 
Weismann  are  not  found  in  the  following  pf^es,  it  is  because  exigen- 
cies of  space  and  time  rendered  it  necessary  to  deal  mainly  with  the 
more  modem  developments  of  this  chapter  of  evolutionary  history. 
For  other  but  not  less  cogent  reasons  all  metaphysical  speculations 
on  the  subjects  dealt  with  have  been  avoided.  The  study  of  natural 
knowledge,  as  the  Royal  Society  still  quaintly  describes  in  its  title  the 
investigation  of  the  phenomena  of  nature,  is  never  properly  advanced 
if  mixed  up  with  the  "supernatural"  or  if  metaphysics  is  appealed  to 
for  the  explanation  of  scientific  problems  which  can  not  at  once  be 
solved  by  ordinary  scientific  methods;  and  It  behooves  us  to  eliminate 
all  considerations  involving  the  intervention  of  superantural  agencies 
just  as  much  in  connection  with  scientific  inquiries  into  the  nature 
and  origin  of  life  as  with  all  other  matters  which  are  properly  the 
subject  of  scientific  investigation.  This  la  not  materialism,  but 
common  sense. 

The  first  part  of  the  subject  of  this  address  is  dealt  with  at  consider^ 
able  length  and  in  a  strictly  scientific  spirit  by  Le  Dantec  in  "The 
Nature  and  Origin  of  Lif  e, ' '  as  well  as  by  Dastre  in  the  book  mentioned 
on  the  next  page.  To  works  such  as  these  the  reader  is  referred  for 
the  numerous  details  which  it  is  impossible  to  include  within  the  limita 
of  a  short  essay. 

DBFINITION. 

Everybody  knows,  or  thinks  he  knows,  what  life  is;  at  least  we 
are  all  acquainted  with  its  ordinary,  obvious  manifestations.  It 
would  therefore  seem  that  it  should  not  be  difficult  to  find  an  exact 
definition.  The  quest  has,  nevertheless,  baffled  the  most  acute 
thinkers.  Herbert  Spencer  devoted  two  chapters  of  his  "Principles 
of  Biology"  to  the  discussion  of  the  attempts  at  definition  which 
had  up  to  that  date  been  proposed,  and  himself  suggested  another. 
But  at  the  end  of  it  all  he  is  constrained  to  admit  that  no  expression 
had  been  found  whidi  would  embrace  all  the  known  manifestations 
of  animate,  and  at  the  same  time  exclude  those  of  admittedly 
manimate,  objects. 

The  ordinary  dictionary  definition  of  life  is  "the  state  of  living." 
Dastre,  following  Claude  Bernard,  defines  it  as  "the  sum  total  of 


LIFB:  its  NATDBEj   OBIGIN,  AHS   UAIKTBNANCB — 8CHAPEB.      496 

the  pheDomena  ccnunoa  to  all  livuig  beings."  *  BoUi  of  these 
definitionB  are,  however,  of  the  same  character  as  Sidney  Smith's 
definitioa  of  an  archdeacon  as  "a  person  who  perfonns  arcbidiaconal 
functicma."  I  am  not  myBelf  proposing  to  take  up  your  time  by 
attemptmg  to  grapple  with  a  task  which  has  proved  too  great  for 
the  intellectual  giants  of  philosophy,  and  I  have  the  less  disposition 
to  do  so,  because  recent  advances  ia  knowledge  have  suggested  the 
probability  that  the  dividing  line  between  animate  and  inanimate 
matter  is  leas  sharp  than  it  has  hitherto  been  regarded,  so  that  the  dif- 
ficulty of  finding  an  indusive  definition  is  correspondingly  increased. 
A»  a  mere  word  "life"  is  interesting  in  the  fact  that  it  is  one  of 
those  abstract  terms  \7hich  has  no  direct  antithesis,  although  probar 
biy  most  persona  would  regard  "death"  in  that  light.  A  little  con- 
sideration will  show  that  this  is  not  the  case.  "Death"  implies 
the  pceexistence  of  "life."  There  are  physiological  grounds  for 
regarding  death  as  a  phenomenon  of  life — it  is  the  completion,  the 
last  act  of  life.  We  can  not  speak  of  a  nonliving  object  as  poaaeaaing 
death  in  the  sense  that  we  speak  of  a  living  object  as  poaaeaaing  life. 
The  adjective  "dead"  is,  it  is  ti^e,  applied  in  a  popular  sense  anti- 
thetically to  objects  which  have  never  possessed  life,  as  in  the  pro- 
verbial expression  "as  dead  as  a  doornail."  But  in  the  strict  sense 
such  application  is  not  justifiable,  since  the  use  of  the  terms  "dead" 
and  "living"  implies  either  in  the  past  or  in  the  present  the  posses- 
sion of  the  recognized  properties  of  living  matter.  On  the  other 
hand,  the  ejqiressions  liviTig  and  lifeUaa,  animate  and  inonimnie 
furnish  terms  which  are  undoubtedly  antitheticaL  Strictly  and 
literally  the  words  "animate"  and  "inanimate"  express  the  presence 
or  absence  of  "soul,"  and  not  infrequently  we  find  the  terms  "life" 
and  "soul"  erroneously  employed  as  if  identical.  But  it  is  hardly 
necessary  for  me  to  state  that  the  remarks  I  have  to  make  regarding 
"life"  must  not  be  taken  to  apply  to  the  conception  to  which  the 
word  "soul"  is  attached.  The  fact  that  the  formation  of  such  a 
conception  is  only  possible  in  connection  with  life,  and  that  the 
growth  and  elaboration  of  the  conception  has  only  been  possible  as 
the  result  of  the  most  complex  processes  of  life  in  the  most  complex 
of  living  organisms  has  doubtless  led  to  a  belief  in  the  identity  of 
life  with  soul.  But  unless  the  use  of  the  expression  "soul"  is 
extended  to  a  degree  which  would  deprive  it  of  all  special  signifi- 
cance, the  distinction  between  these  terms  must  be  strictly  main- 
tained. For  the  problems  of  life  are  essentially  problems  of  matter; 
we  can  not  conceive  of  life  in  the  scientific  sense  as  existing  apart 
from  matter.  The  phenomena  of  life  are  investigated,  and  can 
only  be  investigated,  by  the  same  methods  as  all  other  phenomena 
of  matter,  and  the  general  results  of  such  investigations  tend  to 
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show  that  liTing  beings  are  governed  by  laws  identical  with  dioae 
which  govern  inanimate  matter.  The  more  we  study  the  manifes- 
tations of  life  the  more  we  become  convinced  of  the  truth  of  this 
statement  and  the  less  we  are  disposed  to  call  in  the  aid  of  a  special 
and  unknown  form  of  energy  to  explain  those  manifestations. 

PHENOMENA   rNDICATIVE  OF  LIFE — MOVEMENT. 

The  most  obvious  manifestation  of  Hfe  is  "spontaneous"  move- 
ment. We  see  a  man,  a  dog,  a  bird  move,  and  we  know  that  they 
are  alive.  We  place  a  drop  of  pond  water  under  the  microscope,  and 
see  numberless  particles  rapidly  moving  within  it;  we  affirm  that  it 
swarms  with  "Hfe."  We  notice  a  small  mass  of  clear  slime  changing 
its  shape,  throwii^  out  projections  of  its  structureless  substance, 
creeping  from  one  part  of  the  field  of  the  microscope  to  another.  We 
ncogaize  that  the  slime  is  living;  we  give  it  a  name — Amceba  lijruix — 
the  slug  amosba.  We  observe  similar  movements  in  individual  ceUs 
of  our  own  body;  in  the  white  corpuscles  of  our  blood,  in  connective 
tissue  cells,  in  growing  nerve  cells,  in  young  cells  eveiywhere.  We 
denote  the  similarity  between  these  movements  and  those  of  the 
amceba  by  employing  the  descriptive  term  "amceboid"  for  both. 
We  regard  such  movements  as  indicative  of  the  possession  of  "life"; 
nothing  seems  more  justifiable  than  such  an  inference. 

But  physicists '  show  us  movements  of  a,  precisely  similar  charactw 
in  substances  which  no  one  by  any  stretch  of  imagination  can  regard 
es  hring;  movements  of  oil  drops,  of  organic  and  inorganic  mixtures, 
even  of  mercury  globules,  which  are  indistinguishable  in  their  char> 
acter  from  those  of  the  livii^  orgBnisms  we  have  been  studying; 
movements  which  can  only  be  described  by  the  same  term  amtsboid, 
yet  obviously  produced  as  the  result  of  purely  physical  and  chemical 
reactions  causing  changes  in  surface  tension  of  the  fluids  under  exam- 
ination.' It  is  therefore  certain  that  such  movements  are  not  Bpe* 
cifically  "vital,"  that  their  presence  does  not  necessarity  denote  "life." 
And  when  we  investigate  closely,  even  such  active  movements  as 
those  of  a  vibratile  cilium  or  a  phenomenon  so  intimately  identified 
with  life  as  the  contraction  of  a  muscle,  we  find  that  these  present  so 
many  anali^es  with  amceboid  movements  as  to  render  it  certain 
that  they  are  fundamentally  of  the  same  character  and  produced  in 
miifh  tha  game  manner.*    Nor  can  we  for  a  moment  doubt  that  the 

■  of  llfs  b;  ■Itanttoa  In  natm 
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complex  sctionB  which  are  characteristic  of  the  more  highly  differ- 
entiated organiamB  have  been  developed  in  the  course  of  evoIutioD 
from  the  simple  movemraits  characterizing  the  activity  of  undiffer- 
entiated protoplasm;  movements  which  can  themselves,  aa  we  have 
seen,  be  perfectly  imitated  by  nonhving  material.  The  chain  of 
evidence  regarding  this  particular  manifestation  of  life — ^movement — 
is  complete.  Whether  exhibited  as  the  amceboid  movement  of  the 
proteus  animalcule  or  of  the  white  corpusde  of  our  blood;  as  the 
ciliary  motion  of  the  infusorian  or  of  t^e  ciliated  cell;  aa  the  con- 
traction of  a  muscle  under  the  governance  of  the  will,  or  as  the 
throbbing  of  the  human  heart  responsive  to  every  emotion  of  the 
mind,  we  can  not  but  conclude  that  it  is  alike  subject  to  and  produced 
in  conformity  with  the  general  laws  of  matter  by  agencies  resembling 
those  which  cause  movements  in  lifeless  material.^ 

ASSIMILATION  AND  DISAfiSIMtLATION. 

It  will  perhaps  be  contended  that  the  resemblances  between  the 
movements  of  living  and  nonliving  matter  may  be  only  superficial, 
and  that  the  conclusion  regarding  theiz  identity  to  which  we  are  led 
will  be  dissipated  when  we  endeavor  to  penetrate  more  deeply  into 
the  working  of  living  substance.  For  can  we  not  recognize  along 
with  the  possessioa  of  movement  the  presence  of  other  phenomena 
which  are  equally  characteristic  of  life  and  with  which  nonliving 
material  is  not  endowed )  Prominent  among  the  characteristic  phe- 
nomena of  life  are  the  processes  of  assimilation  and  disassimilation,  the 
taking  in  of  food  and  its  elaboration.'  These,  surely,  it  may  be 
thou^t,  are  not  shared  by  matter  which  is  not  endowed  with  life. 
Unfortunately  for  this  ugument,  similar  processes  occur  character- 
istically in  situations  which  no  one  would  think  of  associating  with 
ike  presence  of  life.  A  striking  example  of  this  is  afforded  by  the 
osmotic  phenomena  presented  by  solutions  separated  from  one 
another  by  semipermeable  membranes  or  films,  a  condition  which  is 
precisely  ^at  which  is  constantly  found  in  livii^  matter.* 

It  is  not  BO  long  ago  that  the  chemistry  of  oiganic  matter  was 
thought  to  be  entirety  different  from  that  of  inorganic  substances. 

1 ''Vital  spootaoalty,  ID  nodll;  accaptad  br  pereong  Ignorant  of  bJoloEr,  l<  dlapnmd  br  the  Thole  blstacy 
alKlaaa.  ET117  vIMlmanltMtaUimliaraspanM  to  B  stlmaltu,  ■  prarokKl  phsnomcaaD.  Itlsiumcoo- 
nry  to  ny  ttalt  Is  alBo  Uu  cub  trlth  bniu  bodln,  since  that  li  pradsel;  ttw  foandatloa  of  tbs  great  prinnlidi 
at  ths  Inertia  ol  maUsi.   It  ti[toln  that  It  la  also  »i»MiUn>ble  to  living  m  to  InmlmatB  matter.  "—Da«h«, 

■  Tha  terms  "mlmllstkai"  and  "dIaaolDillallaD"  axpraa  tba  j^jalral  and  etaamlcal  changaa  wbleh 
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and  lb  ultimata  lianifamutlon  Into  mata  prodnctB  which  are  paaasd  out  again  Into  that  madliun;  tha 
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Baealso).  BaU-Bdmrds,  Addnsa  toBlnninghun  and  Midland  IiHtltate,  November,  Ull.  The  0( 
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But  tlio  Ime  betweeu  iuorgamo  and  oiganio  chemistiy,  which  up  to 
Hm  middle  of  the  last  centuty  appeared  sharp,  subsequentlj  beoame 
misty  and  has  now  disappeared.  Similarly  the  chemistiy  of  living 
organisms,  which  is  now  a  rect^nized  branch  of  organic  chemistiy, 
but  used  to  be  considered  as  so  much  outside  the  domain  of  the 
chemiBt  that  it  could  only  be  dealt  with  by  those  whose  special 
busiuess  it  was  to  study  "vital"  processes,  is  passing  more  and  more 
out  of  the  hands  of  the  biologist  aad  into  those  of  the  pure  chemist. 

THE  COIiOm  CONSTITUTION   Or  LIVING   MATTES. 

Somewhat  more  than  half  a  centuiy  ago  Thomas  Graham  published 
his  epoch-makiDg  observations  relating  to  the  properties  of  matter  in 
the  colloidal  state,  observations  which  are  proving  all-important  in 
assisting  our  comprehen^on  of  the  properties  of  living  substance. 
For  it  is  becoming  eveiy  day  more  apparent  that  the  chemistry  and 
physics  of  the  living  oi^anism  are  essentially  the  diemistiy  and 
physics  of  nitrogenous  colloids.  Living  substance  or  protoplasm 
always,  in  fact,  takes  the  form  of  a  colloidal  solution.  In  this  solu- 
tion the  colloids  are  associated  with  crystalloids  (electrolytes),  which 
are  either  free  in  the  solution  or  attached  to  the  molecules  of  the 
colloids.  Surrounding  and  inclosing  the  livii^  substance  thus  con- 
stituted of  both  colloid  and  crystalloid  material  is  a  film,  probably  also 
formed  of  colloid,  but  which  may  have  a  lipoid  substratum  associated 
with  it  (Overton).  This  film  serves  the  purpose  of  an  osmotic  mem- 
brane, permitting  of  exchanges  by  diffusion  between  the  colloidal  solu- 
tion constituting  the  protoplasm  and  the  circumambient  medium  in 
which  it  lives.  Other  similar  films  or  membranes  occur  in  the  interior 
of  protoplasm.  These  films  have  in  many  cases  specific  characters, 
bo^  physical  and  chemical,  thus  favoring  the  diffusion  of  special  kinds 
of  material  into  and  out  of  the  protoplasm  and  from  one  part  of  the 
protoplasm  to  another.  It  is  the  changes  produced  under  these 
physical  conditions,  associated  with  those  caused  by  active  chemical 
agents  formed  within  protoplasm  and  known  as  emymes,  that  effect 
assimilation  and  disassimilation.  Quite  similar  changes  can  be  pro- 
duced outside  the  body  {in  vitro)  by  the  employment  of  methods  of 
a  purely  phjraical  and  chemical  nature.  It  is  true  that  we  are  not  yet 
familiar  with  all  the  intermediate  stf^es  of  transformation  of  the 
materials  which  are  token  in  by  a  livit^  body  into  the  materials  which 
are  given  out  from  it.  But  since  the  initial  processes  and  the  final 
results  are  the  same  as  they  would  be  on  the  assumption  that  the 
changes  are  brought  about  in  conformity  with  the  known  laws  of 
chemistiy  and  physics,  we  may  fairly  conclude  that  all  changes  in 
living  substance  are  brought  about  by  ordinaiy  chemical  and  physical 
forces. 
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SlUILASITT  OF  FBOGBBSSB  OF  GBCWTH  Am>  RSPSODDOnON  IK  UTINQ 
AND   NONLIVINQ    HATTIiB. 

^ould  it  be  contQDded  that  growth  and  reproductioD  are  proper- 
ties posseesed  only  by  living  bodies  and  constitute  a  test  by  which  we 
may  differentiate  between  life  and  nonlife,  between  the  animate  and 
inanimate  creation,  it  must  be  replied  that  no  contention  can  be  more 
fallacious.  Inorganic  crystals  grow  and  multiply  and  reproduce  theii 
like,  ^ven  a  supply  of  the  requisite  pabulum.  In  most  cases  for  each 
kind  of  crystal  there  is,  as  with  living  organisms,  a  limit  of  growth 
which  is  not  esceeded,  and  further  increase  of  the  cTystalline  matter 
reeulte  not  in  further  increase  in  size  but  in  multiplication  of  similar 
crystals.  Leduc  has  shown  that  the  growth  and  division  of  artificiiB 
colloids  of  an  inorganic  nature,  when  placed  in  an  appropriate 
medium,  present  singular  resemblances  to  the  phenomena  of  the 
growth  and  division  of  living  organ^ms.  Kven  so  complex  a  procesB 
as  the  division  of  a  cell  nucleus  by  karyokineeis  as  a  preliminary  to 
the  multiplication  of  the  cell  by  division — a  phenomenon  which  woiild 
prima  facie  have  seemed  and  has  been  commonly  regarded  as  a  dis- 
tinctive manifestation  of  the  life  of  the  cell — can  be  imitated  with 
solutions  of  a  simple  inorganic  salt,  such  aa  chloride  of  sodium,  con- 
taining a  suspension  o^  carbon  particles;  which  arrange  and  rearrange 
themselves  under  the  influence  of  the  movements  of  the  electrolytes 
in  a  manner  indistinguishable  from  that  adopted  by  the  particles 
of  chromatin  in  a  dividisig  nucleus.  And  in  t^e  process  of  sexual 
reproduction,  the  researches  of  J.  Loeb  and  others  upon  the  ova  of 
the  sea  urchin  have  proved  that  we  can  ao  longer  consider  such  an 
apparently  vital  phenomenon  as  the  fertilization  of  the  ^g  as  being 
the  result  of  living  material  brought  to  it  by  the  spermatozoon,  since 
it  is  possible  to  start  the  process  of  division  of  the  ovum  and  the 
resulting  formation  of  cells,  and  ultimately  of  all  the  tissues  and 
organs — in  short,  to  bring  about  the  development  of  the  whole 
body — if  a  aimiJe  chemical  reagent  is  substituted  for  the  male 
element  in  the  process  of  fertilization.  Indeed,  even  a  mechanical 
or  electrical  stimulus  may  suffice  to  start  development.  "Kurz  und 
gut,"  as  the  Oermans  say,  vitalism  as  a  working  hypothesis  has  not 
only  had  its  foundations  undermined,  but  moat  of  ijie  superstructure 
has  toppled  over,  and  if  any  difficulties  of  explanation  still  persist, 
we  are  justified  in  assuming  that  the  cause  is  to  be  found  in  our  Im- 
perfect knowledge  of  the  constitution  and  working  of  living  material. 
At  the  best,  vitalism  explains  nothing,  and  the  term  "vital  force"  is 
an  expression  of  ignorance  which  can  bring  us  no  further  along  the 
path  of  knowledge.  Nor  is  the  problem  in  any  way  advanced  by 
substituting  for  the  term  "vitalism"  "neovitaliam,"  and  for  "vital 
force"  "biotic energy.'"    "Newpresbyterisbutoldpriestwritlai^." 

■  B.  Uoon,  in  B«o«lt  Ad*MMM  fa  FhrsMocy,  IBOt;  Mean  uid  BMf,  lUd.;  ud  PmtliH  AdmuM  la 
Pbfilalccy,  loos.  llMnlBTseQMlBlttnaraUiatniiskrmitloniofBBijriTlilchoccurlnpratapUiiB. 
SM  oa  the  qoestloQ  olTJtalInn  01b7  (Rrnw  BaJantlUqtu,  ISU)  and  O'Anr  TlwsqMn  (addnM  to  Btotln 
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POSBIBILrrT  OP  THE  8TNTHXSI8  OF  LITtNO  MATTBB. 

Further,  in  its  chemical  compoeition  we  are  no  longer  compelled 
to  consider  living  suhBtance  aa  poBseBsing  infinite  complexity,  aa  was 
tiioi^t  to  be  the  case  when  chemists  fiist  began  to  break  up  the 
proteins  of  the  body  into  their  simpler  constituents.  The  researches 
of  Miescher,  which  have  been  continued  and  elaborated  by  Koasel 
and  his  pupils,  have  acquainted  ue  with  the  fact  that  a  body  bo 
important  for  the  nutritive  and  reproductive  functions  of  the  cell  as 
the  nucleus — which  may  be  said  indeed  to  r^reseut  the  quinteesence 
of  cell  life — poeBesses  a  chemical  constitution  of  no  very  great  com- 
plexity; BO  that  we  may  even  hope  some  day  to  see  the  material 
which  composes  it  prepared  syntiieticaliy.  And  when  we  consider 
that  the  uucleue  is  not  only  itself  fonned  of  living  subetance,  but  is 
capable  of  causing  other  living  subetance  to  be  built  up — is,  in  fact, 
the  directing  agent  in  all  the  principal  chemical  changes  which  take 
place  within  the  living  cell — it  must  be  admitted  that  we  are  a  long 
step  forward  in  our  knowledge  of  the  chonical  basis  of  life.  That  it 
is  the  form  of  nuclear  matter  rather  tiian  its  chemical  and  molecular 
structure  which  is  the  important  factor  in  nuclear  activity  can  not 
be  supposed.  The  form  of  nuclei,  as  every  microscopist  knows, 
varies  infinitely,  and  there  are  numerous  living  organisms  in  which 
the  nuclear  matter  is  without  fonu,  appearing  simply  as  granules 
distributed  in  the  protoplasm.  Not  that  the  form  assumed  and  the 
transformations  undergone  by  Ihe  nucleus  are  without  importance; 
but  it  is  none  the  lees  true  that  even  in  an  amoiphous  condition  the 
material  which  in  the  ordinary  cell  takes  the  form  of  a  "nucleus" 
may,  in  simpler  organisms  which  have  not  in  the  process  of  evolution 
become  complete  cells,  fulfill  functions  in  many  respects  similar  to 
those  fulfilled  by  the  nucleus  of  the  more  differentiated  organism. 

A  similar  anticipation  regarding  the  probability  of  eventual  syn- 
thctio  production  may  be  made  for  the  proteins  of  the  cell  substance. 
Considerable  progress  in  this  direction  has  indeed  already  been  made 
by  Emil  Fischer,  who  has  for  many  years  been  eng^ed  in  the  task  of 
building  up  the  nitrogenous  combinations  which  enter  into  the  forma- 
tion of  the  complex  molecule  of  protein.  It  is  satisfactory  to  know 
that  the  significance  of  the  work  both  of  Fischer  and  of  Kossel  in 
this  field  of  biological  chemistry  has  been  recognized  by  the  award 
to  each  of  theee  diatingidahed  chemists  of  a  Nobel  prize. 

THE   CHEMICAL  CONSTITUTION  OF  LITINO  SUBSTANCE. 

The  elements  composmg  living  substance  are  few  in  number. 
Those  which  are  constantly  present  are  carbon,  hydrogen,  oxygen, 
and  nitrogen.  With  these,  both  in  nuclear  matter  and  also,  but  to  a 
less  degree,  in  the  more  diffuse  living  material  which  we  know  as 
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protoplasm,  phosphorus  is  always  associated.  "Ohne  Phosphor  keia 
Gedanke"  is  an  accepted  aphorism;  "Ohne  Phosphor  kein  Lehen" 
is  equally  true.  Moreover,  a  large  proportion,  rarely  lees  than  70 
per  cent,  of  water  appears  essential  for  any  manifestation  of  life, 
although  not  in  all  cases  necessary  for  its  continuance,  since  organ- 
isms are  known  which  will  bear  the  loss  of  the  greater  part  if  not  the 
whole  of  the  water  they  contain  without  permanent  impairment  of 
their  vitality.  The  presence  of  certain  inorganic  salts  is  no  lees 
essential,  chief  amongst  them  being  chloride  of  sodium  and  salts  of 
calcium,  magnesium,  potassium,  and  iron.  The  combination  of 
these  elements  into  a  colloidal  compoimd  represents  the  chemical 
basis  of  life;  and  when  the  chemist  succeeds  in  building  up  this  com- 
pound it  will  without  doubt  be  found  to  exhibit  the  phenomena 
which  we  are  in  the  habit  of  associating  with  the  term  "life."  * 

SODBOB   or  UFE — THE    FOS8IBIZJTT   OF   SFONTAKEOUS    OBHERATION. 

The  above  considerations  seem  to  point  to  the  conclusion  that  the 
possibility  of  the  production  of  life,  i.  e.,  of  livii^  material,  is  not  so 
remote  as  has  been  generally  assumed.  Since  the  experiments  of 
Pasteur,  few  have  ventured  to  afGrm  a  belief  in  the  spontaneous  gen- 
eration of  bacteria  and  monads  and  other  micro-organisins,  although 
before  his  time  this  was  by  many  believed  to  be  of  universal  occur-  ' 
rence.  My  esteemed  friend  Dr.  Charlton  Bastian  is,  so  far  as  I  am 
aware,  the  only  scientific  man  of  eminence  who  stiU  adheres  to  the  old 
creed,  and  Dr.  Bastian,  in  spite  of  numerous  experiments  and  the 
pubhcation  of  many  books  and  papers,  has  not  hitherto  succeeded 
in  winning  over  many  converts  to  his  opinion.  I  am  myself  so  entirely 
convinced  of  the  accuracy  of  the  results  which  Pasteur  obtained — are 
they  not  within  the  daily  and  hourly  experience  of  everyone  who 
deeds  with  the  sterihzation  of  oi^anic  solutions! — that  X  do  not  hesi- 
tate to  believe,  if  hving  torulse  or  mycelia  are  exhibited  to  me  in 
flasks  which  had  been  subjected  to  prolonged  boiling  after  being 
hermetically  sealed,  that  there  has  been  some  fallacy  either  in  the 
premises  or  in  the  carrying  out  of  the  operation.  The  appearance 
of  organisms  in  such  flasks  would  not  furnish  to  my  mind  pnwf  that 
they  were  the  result  of  spontaneous  generation.  Assuming  no  fault 
in  manipulation  or  fallacy  in  observation,  I  should  find  it  simpler  to 
believe  that  the  germs  of  such  organisms  have  resisted  the  effects  of 
prolonged  heat  than  that  th^  became  generated  spontaneously.  If 
spontaneous  generation  is  possible,  we  can  not  expect  it  to  take  the 
form  of  hving  beings  which  show  so  marked  a  degree  of  differentiation, 
both  structural  and  functional,  as  the  oi^anisms  which  are  described 
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as  makmg  tlioir  appearance  in  these  experimental  flasks.'  Kor 
should  we  expect  the  spontaneous  generation  of  living  substwace  of 
say  kind  to  occur  in  a  fluid  the  organic  constituents  of  whit^  have 
been  so  altered  by  heat  th&t  they  can  retain  no  sort  of  chemical  resem- 
blance to  the  organic  constituents  of  living  matter.  If  the  formation 
of  life,  of  living  substsjice,  is  possible  at  the  present  day — and  for 
my  own  part  I  see  no  reason  to  doubt  it — a  boiled  infusion  of  oigaoic 
matter,  and  still  less  of  inorganic  matter,  is  the  last  place  in  which 
to  look  for  it.  Our  mistrust  of  such  evidence  as  has  yet  been  brought 
forward  need  not,  however,  preclude  us  from  admitting  the  possibihty 
of  the  formation  of  hving  from  nonliving  substance.* 

LIFE   A  PBODUOT   OP  EVOLOTION. 

Settii^  aside,  as  devoid  of  scientific  foundation,  the  idea  of  imme- 
diate supernatural  intervention  in  the  first  production  of  life,  we  are 
not  only  justified  in  behevii^,  but  compelled  to  believe,  that  living 
matter  must  have  owed  its  origin  to  causes  similar  in  character  to 
those  which  have  been  instrumental  in  producing  all  other  forms  of 
matter  in  the  universe;  in  other  words,  to  a  process  of  gradual  evolu- 
tion.* But  it  has  been  customary  of  late  amongst  biologists  to  shelve 
the  investigation  of  the  mode  of  origin  of  life  by  evolution  from  nonliv- 
ing matter  by  relegating  its  solution  to  some  fonner  condition  of  the 
earth's  history,  when,  it  is  assumed,  opportunities  were  accidentally 
favorable  for  the  passage  of  inanimate  matter  into  animate;  such 
opportunities,  it  is  also  assumed,  having  never  since  recurred  and 
being  nevnr  likely  to  recur,* 


p.es. 

I  ThB  preg«nt  poaltlaB  ot  the  nitjMt  is  BucclDotly  staM  br  Di.  Chabnen  UltoheU  In  bk  utkde  on  ■'  Abb- 
guiBita"  [□  the  EnoyclapeBdla  BritBimlca.  Dr.  Mluhelt  odds:  "Itnuy  betbatln  UuprogreaaolKlawa 
It  may  yet  be  possible  to  coBstroot  !Ivta£  proloplasm  from  mnllTliig  miHahtL  The  nfalatloD  of  ablogene- 
■!■  haa  no  foither  bearing  on  this  pmlblllty  than  to  make  It  probable  that  It  protoplasm  ultimately  ba 
formed  In  the  labarstory,  It  wUl  be  by  a  sarlee  ot  stsps,  the  earlla'  st«[a  being  the  tonnatlon  of  some  sab- 
stance  or  snbBtancea  cow  unkDovn  which  are  not  protoplasm.  Bnch  Intfnnedlete  stagn  may  turn 
SslRed  In  tbe  pout."  And  Huxley  In  his  preeldeatlal  addnw  at  Llmpool  In  1870  sayK  "But  thongli  I 
can  not  express  this  convlcllon  (I.  e.,  of  the  ImpoeBlblllly  ol  the  oORorrenoe  of  abiogeneeli,  as  exempUOed 
by  the  eppearanoe  ot  orguiltnu  (n  hermetlcaUy  sealed  and  eterDlied  flaslra)  too  atreogly,  I  mint  eaiMoll; 
guard  myselt  against  the  supposition  Uist  I  intend  M  suggest  that  no  niiA  thing  as  abloiMuilB  ertr  baa 
taken  plaoe  in  the  past  or  ever  wQl  take  [dace  hi  ths  future.  With  organia  chaniiBlry,iiioleoa]ar  fbjtilm, 
and  physiology  yet  In  their  Infancy  and  every  day  maklngpiT>dlglams[rldeB,  I  think  ttmnM  bathe  height 
afprcnunptiau  lor  snymaDlosBy  that  thecoBditlons  under  whtohmstUr  assume*  the  iRDpcrtieswa«aII 
■vllal'may  notsomeday  beartlfldally  bionglit  together." 

•  The  aiKumenls  In  bvor  of  [bis  propoeltlan  have  been  anayed  by  Uddda  In  Us  Herbert  Spcoccr  Leotnie. 
ISIO,  pp.  IS-U.  Ueldoia  leayee  Ch*  qucatico  open  whether  snidi  ardattoa  hae  ooenned  only  In  peat  yaan 
01  Is  also  taking  plaoe  now.  Heoonclodesthat  whsmseertalnoarboaaampoundshavesurTlvedbyreaBon 
ot  pcesenlng  eEtreme  stability,  othen— the  preeunnn  ot  living  matlv— anrvlvBd  owing  to  the  possaalon 
of  exbemr  lahlUty  and  adaptability  to  variable  eondtttona  of  anvbonment.  A  similar  niggestka  ma 
pravimulr  made  by  Ixnkyer,  Ino^anlo  Evolatlon,  1900,  pp.  ISO,  ITD. 

•  T.  H.  luxley,  pneldentlal  addreaa,  IBTO;  A.  B.  ItaaOlDm,  "On  the  Origin  ol  Ule  on  tha  Olnbe,"  In 
Tnm.  Canadian  loatltule,  voL  8. 
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Various  eminent  scientific  men  have  eTen  supposed  that  life  lias  not 
actually  originated  upon  our  globe,  but  has  been  brought  to  it  from 
another  planet  or  from  another  stellar  system.  Some  of  my  audience 
may  still  remember  the  controTersy  that  was  excited  when  the  theory 
of  the  origin  of  terrestrial  life  by  the  intermediation  of  a  meteorite 
was  propounded  by  Sir  William  Thomson  in  his  presidential  address 
at  the  meeting  of  tiiis  asaociation  in  Edinburgh  in  1871.  To  this 
"meteorite"  theory*  the  apparently  fatal  objection  was  raised  that  it 
would  take  some  60,000,000  years  for  a  meteorite  to  travel  from  the 
nearest  stellar  system  to  our  earth,  and  it  is  inconceivable  that  any 
kind  of  life  could  be  maintained  during  such  a  period.  Kven  from 
the  nearest  planet  150  years  would  be  necflssaiy,  and  the  heating  of 
the  meteorite  in  passing  through  our  atmosphere  and  at  its  impact 
with  the  eartb  would,  in  all  probability,  destroy  any  life  which  might 
have  existed  within  it.  A  cognate  theoiy,  that  of  cosmic  panepermia, 
assumes  that  life  may  exist  and  may  have  existed  indefinitely  in 
coBinic  dust  in  the  interstellar  spaces  (Richter,  1865;  Cohn,  1872), 
and  may  with  this  dust  fall  slowly  to  the  earth  without  undergoing 
the  heating  which  is  e^>erienced  by  a  meteorite.  Arrhenius,'  who 
adopts  this  theory,  states  that  if  living  germs  were  carried  through  the 
ether  by  luminous  and  other  radiations,  the  time  neceesaiy  for  their 
transportation  from  our  globe  to  the  nearest  stellar  system  would  be 
only  9,000  years,  and  to  Mars  onty  20  days! 

But  the  acceptance  of  such  theories  of  tixe  arrival  of  Hie  on  the  earth 
doee  not  bring  us  any  nearer  to  a  conception  of  its  actual  mode  of 
origin;  on  the  contrary,  it  merely  serves  to  banish  the  investigation 
of  the  question  to  some  conveniently  inacceesible  comer  of  the  uni- 
verse and  leaves  us  in  the  unsatisfactary  position  of  afOnnii^  not 
only  that  we  have  no  knowledge  as  to  the  mode  of  origin  of  life — 
which  is  unfortunately  true — ^but  that  we  never  can  acquire  such 
knowledge — ^which  it  is  to  be  hoped  is  not  true.*  Knowing  what  we 
know,  and  believing  what  we  believe,  as  to  the  part  jxlayed  by  evo- 
lution in  the  development  of  terrestrial  matter,  we  are,  I  think  (with- 
out denying  the  possibility  of  the  existence  of  life  in  other  parts  of 
the  universe*),  justified  in  r^arding  these  cosmic  theories  aa  inher- 
ently improbable — at  least  in  comparison  with  the  solution  of  the 
problem  which  the  evolutionary  hypotheBis  offers.' 

■  flist  luggtBtod,  acoonlliic  to  DB«tr<i,by  de8alla-Oa7on(I>Htr«,op.Dtl.,  p.  KB).  Tin  tbaor?  rgMlTtd 
tha  support  at  Belmlivlti. 

■  Worlds  ia  tbt  UiUnc,  tniBL  by  a.  Bans,  Ch«(>.  vnt,  p.  an,  im. 

I "  T&e  BIiMry  of  Bcdance  abowi  how  itnsKioaa  It  b  to  bnub  aside  myiMritB— I.  •.,  nmolvad  preblviu— 
aad  to  InUrpoea  Uw  bwrtor  pUc«d«d 'Menial'^ra  fliaroivhtan.' "--R.  Ueldcta,  Bsbert  Spencar  leetDie, 
UIO. 

'  Soon  mtborltlaa,  sncli  la  Eiran,  ooutand  vKh  much  probtbOIt]',  tlMt  tha  (nadiUaaa  In  bitcnrtallar 


is  Vtrwnm  pohila  ont,  mcb  tbmrlM  WDOM  aqnillr  applr  to  tba  orlflii  of  aDTaUHt  duralol  oomU- 
m,  whdliat  Inorganic  or  organle,  vhlcli  la  mat  wfth  on  our  glob^  ao  ttiat  ttay  laad  diraellr  to  aibaaid 
liuIons.-AUganuiDa  Phjakdogla,  UU. 
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THE  BTOLimONABT  HYPOTHESIS  AS  APPLIED  TO  THE  OBIOIN  OF  LIFE. 

I  assume  that  the  majority  of  my  audience  have  at  least  a  general 
idea  of  the  scope  of  this  hypothesis,  the  general  acceptance  of  which 
has  within  the  last  60  years  altered  the  whole  aspect  not  only  of 
biology,  but  of  every  other  branch  of  natural  science,  including 
astronomy,  geology,  physics,  and  chemistry.*  To  those  who  have 
not  this  knowledge  I  would  recommend  the  perusal  of  a  little  book 
by  Prof.  Judd,  entitled  "The  Coming  of  Evolution,"  which  has 
recently  appeared  as  one  of  the  Cambridge  manuals.  I  know  of  no 
similar  book  in  which  the  subject  is  as  clearly  and  succinctly  treated. 
Although  the  author  nowhere  expresses  the  opinion  that  the  actual 
origin  of  life  on  the  earth  has  arisen  by  evolution  from  nonliving 
matter,  it  is  impossible  to  read  either  this  or  any  similar  exposition  in 
which  the  essential  unity  of  the  evolutionary  process  is  insisted  upon 
without  concluding  that  the  origin  of  life  must  have  been  due  to 
the  same  process,  this  process  beii^,  without  exception,  continuous, 
and  admitting  of  no  gap  at  any  part  of  its  course.  Looking  there- 
fore at  the  evolution  of  living  matter  by  the  light  which  is  shed 
upon  it  from  the  study  of  the  evolution  of  matter  in  general,  we 
are  led  to  regard  it  as  having  been  produced,  not  by  a  sudden  alter- 
ation, whether  exerted  by  natural  or  supernatural  agency,  but  by 
a  gradual  process  of  chaise  from  material  which  was  lifeless,  through 
material  on  the  borderiand  between  inanimate  and  animate,  to  ma- 
terial which  has  all  the  characteristics  to  which  we  attach  the  tenn 
"life."  So  far  from  expecting  a  sudden  leap  from  an  inorganic,  or 
at  least  an  unoi^anized,  into  an  oi^anic  and  organized  conditionj 
from  an  entirely  inanimate  substance  to  a  completely  animate  state 
of  being,  should  we  not  rather  expect  a  gradual  procession  of  changes 
from  inorganic  to  organic  matter,  through  stages  of  gradually  in- 
creasii^  complexity  until  material  which  can  be  termed  living  is 
attained  t  And  in  place  of  looking  for  the  production  of  fully  formed 
living  oi^anisms  in  heremetically  sealed  flasks,  should  we  not  rather 
search  Nature  heiself,  under  natural  conditions,  for  evidence  of  the 
existence,  either  in  the  past  or  in  the  present,  of  transitional  forms 
between  living  and  nonliving  mattert 

The  difficulty,  nay  the  impossibility,  of  obtaining  evidence  of 
such  evolution  from  the  past  history  of  the  globe  is  obvious.  Both 
the  hypothetical  transitional  material  and  the  living  material  which 

*  As  Ueldolabidata,  this  gnural  aco^tuiGe  wu  In  theflist  ImtanMlargtlr  dug  to  the  writings  of  Berbcrt 
8peDMr:"Wauenowiicqian)d  forevoluUon  inavarydonUkln.   •   *   *   AalntliacaseDliiuBtgreatEen- 
tbaugbtbadbeenmoTlngiiitliisdlnctianlaTiiiuir 7MI3.    •    •    •    LamvckandBuffDiihad 
t,  SaBt  and  LaplBce  ■  principle  of  coleatlal  dtoIu- 


tioD,  vhUe  LfBll  hod  placed  ffxAogj  upon  an  evotutlOQ&ry  basts.  The  piinclpie  of  coDtlnult;  was  tjtgia- 
Ding  to  be  lecognlied  In  physical  aclanoe.  *  *  ■  It  was  Spencer  who  brought  theu  Indspandent  lines 
of  tbooght  to  a  fDCiu,  and  who  was  the  flist  to  make  any  ■ystemaUaattampt  to  alatw  that  tha  law  ol  de 
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was  originally  evolved  from  it  may,  as  Macallum  has  suggeeted, 
have  taken  the  form  of  diSiised  ultra^microscoplc  particles  of  living 
substances;*  and  oven  if  they  were  not  diffused  but  aggr^ated  into 
massee,  these  masses  could  have  been  physically  nothing  more  than 
colloidal  watery  slime  which  would  leave  no  impress  upon  any  geo- 
lo^al  formation.  Myriads  of  years  may  have  elapsed  before  some 
sort  of  skeleton  in  the  shape  of  calcareous  or  siliceous  spicules  began 
to  evolve  itself,  and  thus  enabled  "life"  which  must  already  have 
poaseased  a  prolonged  existence,  to  make  any  sort  of  geological  record. 
It  follows  that  in  attempting  to  pursue  the  evolution  of  living  matter 
to  its  beginning  in  terrestrial  history  we  can  only  expect  to  be  con- 
fronted with  a  blank  wall  of  nescience. 

The  problem  would  appear  to  be  hopeless  of  ultimate  solution, 
if  we  are  rigidly  confined  to  the  supposition  that  the  evolution  of  life 
has  only  occurred  once  in  the  past  history  of  the  globe.  But  are  we 
justified  in  assuming  that  at  one  period  only,  and  as  it  were  by  a 
fortunate  and  fortuitous  concomitation  of  substance  and  circum- 
stance, living  matter  became  evolved  out  of  nonliving  matter — ^life 
became  established  1  Is  there  any  valid  reason  to  conclude  that  at 
some  previous  period  of  its  history  our  earth  was  more  favorably 
circtunstanced  for  the  production  of  life  than  it  is  now  1  *  X  have 
vainly  sought  lor  such  reason,  and  if  none  be  forthcoming  the  con- 
clusion forces  itself  upon  us  that  the  evolution  of  nonliving  into 
living  substance  has  happened  more  than  once — and  we  can  be  by 
no  means  sure  that  it  may  not  be  happening  still. 

It  is  true  that  up  to  the  present  there  is  no  evidence  of  such  hap- 
pening; no  process  of  transition  has  hitherto  been  observed.  But 
on  the  other  hand,  is  it  not  equally  true  that  the  kind  of  evidence 
which  would  be  of  any  real  value  in  determining  this  question  has 
not  hitherto  been  looked  fort  We  may  be  certam  that  if  life  is  being 
produced  from  nonhving  substance  it  will  be  life  of  a  far  simpler 
character  than  any  that  has  yet  been  observed — in  material  which 
we  shall  be  uncertain  whether  to  call  animate  or  inanimate,  even  if 
we  are  able  to  detect  it  at  all,  and  which  we  may  not  be  able  to 
visualize  physically  even  after  we  have  become  convinced  of  its 
existence.'  But  we  can  look  with  the  mind's  eye  and  follow  in 
imagination  the  transformaticm  which  nonliving  matter  may  have 


■  Chalmen  Ultchgtl  (Art.  "LIfa,"  Enc;cl.  Brit.,  etsmth  edltfon)  vrlM  M  Icillaws:  "U  has  been  nis- 
IMtad  (rom  tlDU  to  lima  that  oandJtUuu  vttj  nnllka  than  now  "•laftng  mn  oaoentrf  lor  ths  OiM  appeai- 
um  olIU),  and  mnat  ba  npsatad  If  Uvtiii  mattar  b  to  ba  noomtitnlad  artlBoiaUy.  No  rapport  tor  ntch  s 
Tlaw  can  be  derlvad  from  obaerntloiia  ol  thaaxistfaic  canOltloiu  at  IIIB."~Ct.  abo  J.  HaD-Edmcdi,  op.  cit. 

■"Spontaawjua  taoeiatlanollllBeoaldaiilTba  pcnqitnallydaiDonRratad  brOlUniln  thelon(t«iiu 
olaactiaabetwean  the  coinirtex  forma  of  Inoriaiilc and  the almplaat  (anna  of  organlBSPhitance.  Wenlbli 
dons,  It  liqnltepnaihlatliMwBiboald  be  unable  to  aay  (■q)wltllT  aonaWMlng  the  Tvneaaa  ot  our  deft. 
niUiuu  of  lite)  whore  lUgbaaui  or  Bnded."—K.Fga         '  """ 
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undergone  and  may  still  be  undeif;oing  to  prodoce  living  substance. 
No  principle  of  evolution  is  better  founded  than  that  insisted  upon 
by  Sir  Charles  Lyell,  justly  termed  by  Huxley ' '  the  greatest  geologist 
of  hia  time,"  that  we  must  interpret  the  past  history  of  our  globe  by 
the  present;  that  we  must  seek  for  an  explanatioa  of  what  has  hap- 
pened by  the  study  of  what  is  happening;  that,  given  similar  circum- 
stances,  what  has  occurred  at  one  time  will  probably  occur  at  another. 
The  process  of  evolution  is  universal.  The  inorganic  materials  of  the 
globe  are  contjnually  undergoing  transition.  New  chemical  com- 
binations are  constantly  being  farmed  and  old  onra  broken  up;  new 
elements  are  making  their  appearance  and  old  elemoits  disappearing.' 
Well  may  we  aak  ourselves  why  the  production  of  Uving  matter  alone 
should  be  subject  to  other  laws  than  t^ose  which  have  produced,  and 
are  producing  the  various  forms  of  nonhving  matter;  why  what  has  - 
happened  may  not  happen.  If  Uving  matter  has  been  evolved  from 
lifeleas  in  the  past,  we  are  justified  in  accepting  the  conclusion  that 
its  evolution  is  possible  in  the  present  and  in  the  future.  Indeed,  we 
are  not  only  justified  in  accepting  this  conclusion,  we  are  forced  to 
accept  it.  When  or  where  such  change  from  nonliving  to  hving 
matter  may  first  have  occurred,  when  or  where  it  may  have  con- 
tinued, when  or  where  it  may  still  be  occurring,  are  problems  as 
difficult  OS  they  are  interesting,  but  we  have  no  right  to  assiune  that 
they  are  insoluble. 

^ce  hving  matter  always  contuns  water  as  its  most  abundant 
constituent,  and  since  the  first  Hving  organisms  recognizable  as  such  in 
the  geological  series  were  aquatic,  it  has  generally  been  assumed  ihaX 
life  must  first  have  made  its  appearance  in  the  depths  of  the  ocean.* 
Is  it,  however,  certain  that  the  osaumption  that  life  originated  in  the 
sea  is  correct  t  Is  not  the  land  surface  of  owr  globe  quite  as  likely  to 
have  been  the  nidus  for  the  evolutionary  transformation  of  nonliving 
into  living  material  as  the  waters  which  surround  iti  Within  this 
soil  almost  any  chemical  transfonnation  may  occwr;  it  is  subjected 
much  more  than  matters  dissolved  in  sea  water  to  those  fiuctuations 
of  moisture,  temperature,  electricity,  and  luminosity  which  are 
potent  in  producing  chemical  changes.  But  whether  life,  in  the  fonn 
of  a  simple  shmy  colloid,  originated  in  the  depths  of  the  sea  or  on  the 
surface  of  the  land,  it  would  be  equally  impossible  for  the  geolo^t 
to  trace  its  beginnings,  and  were  it  still  becoming  evolved  in  the  some 
situations,  it  would  be  almost  as  impossible  for  the  microscopist  to 
to  follow  its  evolution.     We  are  therefore  not  likely  to  obtain  direct 
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evidence  regardii^  such  a  transfonnation  of  nonliving  into  living 
matter  in  nature,  even  if  it  is  occtimng  under  our  eyes. 

An  obvious  objection  to  the  idea  that  the  production  of  hving 
matter  from  nonliving  has  happened  more  than  once  is  that,  had  tbia 
been  the  case,  the  geological  record  should  reveal  more  than  one 
paleontological  series.  This  objection  assumes  that  evolution  would 
in  every  case  take  an  exactly  similar  course  and  proceed  to  the  Bame 
goal — an  assumption  which  is,  to  say  the  least,  improbable.  If,  as 
might  well  be  the  caae,  in  any  other  paleontological  series  than  the 
one  with  which  we  are  acquainted,  the  process  of  evolution  of  living 
beings  did  not  proceed  beyond  Protista,  there  would  be  no  obvious 
geological  evidence  regarding  it;  such  evidence  would  only  be  dis- 
coverable  by  a  carefully  directed  search  made  with  that  particular 
object  in  view.*  I  would  not  by  any  means  miniinize  the  difficulties 
whic^  attend  the  8\:|^;estion  that  the  evolution  of  life  may  have 
occurred  more  than  once  or  may  still  be  happening,  but,  on  the  other 
hand,  it  must  not  be  ignored  that  those  which  attend  the  assumption 
that  the  production  of  life  has  occurred  once  only,  are  equity  serious. 
Indeed,  had  the  idea  of  the  possibiUty  of  a  multiple  evolution  of 
hving  substance  been  first  in  the  field,  I  doubt  if  the  prevalent 
behef  r^arding  a  single  fortuitous  production  of  Ufe  upon  the  ^obe 
would  have  become  eetabhshed  among  biologists — so  much  are  we 
liable  to  be  influenced  by  the  impressions  we  receive  in  scientific 
childhood. 

FURTHEB  COUHSE  OF  EVOLUTION  OP  LIFE. 

Assuming  the  evolution  of  living  matter  to  have  occurred — whether 
once  only  or  more  frequently  matters  not  for  the  moment—and  in  the 
form  suggested,  viz,  as  a  mass  of  colloidal  slime  possessing  the  property 
of  assimilation  and  therefore  of  growth,  reproduction  would  follow  as 
a  matter  of  course,  for  ail  material  of  this  physical  nature — fluid  or 
semifluid  in  character — has  a  tendency  to  undergo  subdivision  when 
its  bulk  exceeds  a  certain  size.  The  subdivision  may  be  into  equal 
or  nearly  equal  parts,  or  it  may  take  the  form  of  buds.  In  either  case 
every  separated  part  would  resemble  the  parent  in  chemical  and 
physical  properties,  and  would  equally  possess  the  property  of  taking 
in  and  assimilating  suitable  material  from  its  liquid  environment, 
growing  in  bulk,  and  reproducing  its  like  by  subdivision.  Omne 
vivtim  e  vivo.    In  this  way  from  any  beginning  of  living  material  a 

1  LankeaUr  (Mt. "  FrotMOft,"  Enojii.  Brit.,  tantli  tdltkni)  concelVB  that  ths  first  pntopluia  led  «ii  tlu 
anucedont  Mapa  In  Its  aim  avotutlaD.  F.  J.  AUaa  (Bilt.  Assoc.  Repcrts,  WM),  rames  to  cha  DoaclodoD 
that  living  stibatanoe  la  piabBblj'  ooQataDtl;  being  produced,  but  tluit  tlilii  (alls  to  malie  Itself  evident  oirliig 
to  the  lubatum  being  selud  and  tMlmllated  t^  exlaUuK  orpnlama.  He  bellevsa  Uut  "In  occouDtlng 
[Drtba  fliat  orlEia  of  Ills  on  tbls  earth  It  li  not  neotaMry  that,  at  PflUgei  sssuidhI,  the  planet  sbould  have 
been  at  a  former  period  ■  ^vtng  Oraball."  He  "ptfan  to  bdHvB  that  the  ciroiimatanees  ffhlcb  aupgwtt 
life  would  alio  bvor  Eta  origin."  And  elsavlHce:  "UK  li  not  an  eitraordlziary  phenamenaD,  not  even  an 
Importattoa  from  same  other  sphere,  hut  ratber  Iha  aotual  oulMNue  of  clrouiutanocs  on  thli  wrth." 
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primitive  form  of  life  would  spread,  and  would  gradually  people  the 
globe.  The  eatablishment  of  life  being  once  effected,  all  fonns  of 
oif^anization  follow  under  the  inevitable  laws  of  evcdution.  Ce  n'est 
qae  le  frt/mier  ipas  cpti  codie! 

We  can  trace  in  imagination  the  Begregation  of  a  more  highly 
phosphorized  portion  of  the  primitive  living  matter,  which  we  may 
now  consider  to  have  become  more  akin  to  the  protoplasm  of  oi^aa> 
isms  with  which  we  are  familiar.  This  more  phosphorized  portion 
might  not  for  myriads  of  generations  take  the  form  of  a  definite 
nuclei,  but  it  would  be  composed  of  material  having  a  composition 
and  qualities  similar  to  those  of  the  nucleus  of  a  cell.  Prominent 
among  these  qualities  is  that  of  catalysis — the  function  of  effecting 
profound  chemical  changes  in  other  material  in  contact  with  it 
without  itself  undergoing  permanent  change.  This  catalytic  function 
may  have  been  exenused  directly  by  the  living  substance  or  may  have 
be^i  carried  on  through  the  agency  of  the  enzymes  already  mentioned, 
which  are  also  of  a  colloid  nature  but  of  simpler  constitution  than 
iteelf,  and  which  differ  from  tiie  catalytic  agents  employed  by  the 
chemist  in  the  fact  that  they  produce  their  effects  at  a  relatively 
low  temperature.  In  the  coiuse  of  evcdution  special  enzymes  would 
become  developed  for  adaptation  to  special  conditions  of  life,  and  with 
the  appearance  of  these  and  other  modifications  a  process  of  differ- 
entiation of  primitive  living  matter  into  individuals  with  definite 
specific  characters  gradually  became  established.  We  can  conceive 
of  the  production  in  this  way  from  originally  undifferentiated  living 
substance  of  simple  differentiated  organisms  comparable  to  the 
lowest  forms  of  Protista.  But  how  long  it  may  have  taken  to  arrive 
at  this  st^^  we  have  no  means  of  ascertaining.  To  judge  from  the 
evidence  afforded  by  the  evolution  of  higher  oi^anisms  it  would 
seem  that  a  vast  period  of  time  would  be  necessary  for  even  this 
amount  of  organization  to  establish  itself. 

FORMATION   OF  THE   NUCLEATED  CELL. 

TTie  next  important  phase  in  the  process  of  evolution  would  be  the 
segregation  and  molding  of  the  diffused  or  irregularly  aggr^ated 
nuclear  matter  into  a  definite  nucleus  around  which  all  the  chemical 
activity  of  the  organism  will  in  future  be  centered.  Whether  this 
change  were  due  to  a  slow  and  gradual  process  of  segregation  or  of 
the  nature  of  a  jump,  such  as  nature  does  occasionally  make,  the 
result  would  be  the  advancement  of  the  living  organism  to  the  con- 
dition of  a  complete  nucleated  cell :  a  material  advance  not  only  in 
organization  but — still  more  important — in  potentiality  for  future 
development.  Life  is  now  embodied  in  the  cell,  and  every  living  being 
evolved  from  this  will  itself  be  either  a  cell  or  a  cell  aggregate. 
Omnis  ceUvla  e  ccUtM. 
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After  the  appearance  of  a  nudeua — but  how  long  after  it  is  im- 
poBsible  to  conjecture — another  phenomenon  appeared  upon  the 
scene  in  the  occasional  eocchange  of  nucleu*  substance  between  cells. 
In  this  manner  became  established  the  process  of  sexual  reproduction. 
Such  exchange  in  the  unicellular  oi^;aniam  might  and  may  occur  be- 
tween any  two  cells  forming  the  species,  but  in  the  multicdlular 
organism  it  became — ^like  other  functions — specialized  in  particular 
cells.  The  result  of  the  exchange  is  rejuvenescence;  associated  wit^ 
an  increased  tendency  to  subdivide  and  to  produce  new  individuals. 
This  is  due  to  the  introduction  of  a  stimalating  or  catalytic  chemical 
agent  into  the  cdl  which  is  to  be  rejuvenated,  as  is  proved  by  the  ex- 
periments of  Loeb  already  aUuded  to.  It  is  true  that  the  chemical 
material  introduced  into  the  germ  cell  in  the  ordinary  process  of  ite 
fertilization  by  the  sperm  cell  is  usually  accompanied  by  the  intro- 
ducUon  of  definite  morphological  elements  which  blend  with  others 
already  contained  within  the  germ  cell,  and  it  is  believed  that  the 
transmission  of  such  morpholc^cal  elementa  of  the  parental  nuclei  is 
related  to  the  transmission  of  parental  qualities.  But  we  must  not  be 
blind  to  the  possibility  that  those  transmitted  qutdities  may  be  con- 
nected with  specific  chemical  characters  of  the  transmitted  elements; 
in  other  words,  that  heredity  also  is  one  of  the  questions  the  eventual 
solution  of  which  we  must  look  to  the  chemist  to  provide. 

AOGBBGATB  LIFE. 

So  far  we  have  been  chiefly  considering  life  as  it  is  found  in  the 
simplest  forms  of  living  substance,  organisms  for  the  most  part  entirely 
microscopic  and  neither  distinctively  animal  nor  vegetable,  which 
have  sometimes  been  grouped  together  as  a  separate  kingdom  of 
animated  nature — that  of  I^tista.  But  persons  unfamiliar  with  the 
microscope  are  not  in  the  habit  of  associating  the  term  "life"  with 
microscopic  organisms,  whether  these  take  the  form  of  cells  or  of 
minute  portions  of  living  substance  which  have  not  yet  attained  to 
that  dignity.  We  moat  of  us  speak  and  think  of  life  as  it  occurs  in 
ouiselves  tuid  other  ftT^im^la  with  which  we  are  familiar;  and  as  we 
find  it  in  the  plants  around  us.  We  rec<^mze  it  in  these  by  the 
possession  of  certain  properties — movement,  nutrition,  growth,  and 
reproduction.  We  are  not  aware  by  intuition,  nor  can  we  ascertain 
without  the  employment  of  the  microscope,  that  we  and  all  the 
higher  living  beings,  whether  animal  or  vegetable,  are  entirely  formed 
of  aggre^tes  of  nucleated  cells,  each  microscopic  and  each  possessing 
its  own  life.  Nor  could  we  suspect  by  intuition  that  what  we  term 
our  life  is  not  a  single  indivisible  property,  capable  of  being  blown 
out  with  a  puff  like  the  flame  of  a  candle;  but  is  the  abrogate  of  the 
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lives  of  many  miUious  of  IlTing  cells  of  which  the  body  ia  composed. 
It  is  but  a  short  while  ago  that  this  cell  coQatitution  was  discoTered: 
it  oocuTFed  within  the  lifetime,  even  within  the  memory,  of  some  who 
are  still  with  us.  What  a  marvelous  distance  we  have  traveled 
since  then  in  the  path  of  knowledge  of  living  organisms  t  The  strides 
which  were  made  in  the  advance  of  tite  mechanical  sciences  during 
the  nineteenth  century,  which  are  generally  considered  to  mark  that 
century  as  an  ^e  of  unexampled  prepress,  are  as  nothing  in  com- 
parison with  those  made  in  tiie  domain  of  bioI<^y,  and  their  interest 
is  entirely  dwarfed  by  that  which  is  aroused  by  the  facta  relating  to 
the  phenomena  of  life  which  have  accumulated  within  the  same  period. 
And  not  the  least  remarkable  of  these  facts  is  the  discovery  of  the 
cell  structure  of  plants  and  animals. 

EVOLDTION  OF  THE   OELL  AGGEBQATE. 

Let  ua  consider  how  ceil  aggregates  came  to  be  evolved  from  oi^an- 
isms  consisting  of  single  cells.  Two  methods  are  possible,  viz:  (1) 
The  adhesion  of  a  number  of  originally  separate  individuals;  (2)  the 
subdivision  of  a  single  individual  without  the  products  of  its  sub- 
division breaking  loose  from  one  anotlier.  No  doubt  this  last  is  the 
manner  whereby  the  cell  a^regate  was  originally  formed,  since  it  is 
that  by  which  it  is  still  produced,  and  we  know  that  the  life  history 
of  the  individual  is  an  epitome  of  tliat  of  the  species.  Such  aggre- 
gates were  in  the  bediming  solid ;  the  cells  in  contact  with  one  another 
and  even  in  continuity ;  subsequently  a  space  or  cavity  became  formed 
in  the  interior  of  the  mass,  which  was  thus  converted  into  a  hollow 
sphere.  All  the  cells  of  the  aggr^ate  were  at  first  perfectly  similar 
in  structure  and  in  function;  there  was  no  subdivision  of  labor.  All 
would  take  part  in  eEFecting  locomotion;  all  would  receive  stimuli 
from  outside;  all  would  take  in  and  digeet  nutrient  matter,  which 
would  then  be  passed  into  the  cavity  of  the  sphere  to  serve  as  a 
common  store  of  nourishment.  Such  organism^  are  still  found,  and 
constitute  the  lowest  types  of  Meta-zoa.  Later  one  part  of  the  hollow 
sphere  became  dimpled  to  form  a  cup;  the  cavity  of  the  sphere 
became  correspondingly  altered  in  shape.  With  this  change  in  struc- 
ture differentiation  of  function  between  the  cells  covering  the  outside 
and  those  lining  the  inside  of  the  cup  made  its  appearance.  Those 
on  the  outside  subserved  locomotor  functions  and  received  and  trans- 
mitted from  cell  to  cell  stimuli,  physical  or  chemical,  received  by  the 
oi^anism;  while  those  on  the  inside,  being  freed  from  such  functions, 
tended  to  specialize  in  the  direction  of  the  inception  and  digestion  of 
nutrient  material,  which,  passing  from  fliem  into  flie  cavity  of  the 
invaginated  sphere,  served  for  the  nourishment  of  all  the  cells  com- 
posing the  oi^anism.    The  further  course  of  evolution  produced  many 
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changes  'of  form  and  eTer-mcreasing  complexity  of  the  cavity  thus 
produced  by  simple  invagination.  Some  of  the  cell  aggregates  settled 
down  to  a  sedentary  life,  becoming  plantlike  in  appearance  and  to 
some  extent  in  habit.  Such  ot^aoisms,  complex  in  fonn  but  simple 
in  structure,  are  the  sponges.  Their  several  parts  ore  not,  as  in  the 
higher  Metazoa,  closely  interdependent;  the  destruction  of  any  one 
paxt,  however  extensive,  does  not  either  immediately  or  ultimately 
involve  death  of  Uie  rest;  all  parts  function  separately,  although 
doubtless  mutually  benefiting  by  their  conjunction,  if  only  by  slow 
diffusion  of  nutrient  fluid  throu^out  the  mass.  There  is  eiieady 
some  differentiation  in  these  oiganisms,  but  the  absence  of  a  nervous 
system  prevents  any  general  coordination,  and  the  individual  cells  are 
laigely  independent  of  one  another. 

Our  own  life,  Uke  that  of  all  the  higher  animals,  is  an  aggregate  life; 
the  life  of  the  whole  is  the  life  of  the  individual  ceDs.  "Die  life  of 
some  of  these  cells  can  be  put  an  end  to;  the  rest  may  continue  to 
live.  This  is,  in  fact,  happening  every  moment  of  our  lives.  The 
cells  which  cover  the  surface  of  our  body,  which  form  the  scarf  skin 
and  the  hair  and  nails,  are  constantly  dying  and  the  dead  cells  are 
rubbed  o£f  or  cut  away,  their  place  being  taken  by  others  supplied 
from  living  layers  beneath.  But  the  death  of  theee  cells  does  not 
affect  the  vitaJity  of  the  body  as  a  whole.  They  serve  merely  as  a 
protection  or  an  ornamental  covering,  but  are  otherwise  not  material 
to  our  existence.  On  the  other  hand,  if  a  few  cells,  such  as  those 
nerve  cells  under  the  influence  of  which  respiration  is  carried  on,  are 
destroyed  or  injured,  within  a  minute  or  two  the  whole  living  machine 
comes  to  a  standstill,  so  that  to  the  bystander  the  patient  is  dead; 
even  the  doctor  will  pronounce  life  to  be  extinct.  But  this  pro- 
nouncement is  correct  only  in  a  special  sense.  What  has  happened 
is  that,  owing  to  the  cessation  of  respiration,  the  supply  of  oxygen 
to  the  tissues  is  cut  off.  And  since  the  manifestations  of  life  cease 
without  this  supply,  the  animal  or  patient  appears  to  be  dead.  If, 
however,  within  a  short  period  we  supply  the  needed  oxygen  to  the 
tissues  requiring  it,  aU  the  manifestations  of  life  reappear. 

It  is  only  some  cells  which  lose  their  vitality  at  the  mommt  of 
so-called  "general  death."  Many  cells  of  the  body  retain  their  indi- 
vidual life  under  suitable  circumstances  long  after  the  rest  of  the  body 
is  dead.  Notable  among  these  are  muscle  cells.  McWilliams  showed 
that  the  muscle  cells  of  the  blood  vessels  give  indications  of  life  sev- 
eral days  after  an  animal  has  been  killed.  The  muscle  cells  of  the 
heart  in  mamm&ls  have  been  revived  and  caused  to  beat  r^ularly 
and  strongly  many  hours  after  apparrait  death.  In  man  this  result 
has  been  obtained  as  many  as  18  hours  after  life  has  been  pronounced 
extinct  (Kuliabko) ;  in  animals  after  days  have  elapsed.  Waller  has 
shown  that  indications  of  life  can  be  elicited  from  various  tissues  many 
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hours  and  even  days  after  general  death.  Sbenington  observed  the 
white  corpuscles  of  the  blood  to  be  active  when  kept  in  a  suitable 
nutrient  fluid  weeks  after  removal  from  the  blood  vessels.  A  French 
histologist,  Jolly,  has  found  that  the  white  corpuscles  of  the  frog,  if 
kept  in  a  cool  place  and  under  suitable  conditions,  show  at  the  end  of 
a  year  all  the  ordinary  manifestations  of  life.  Carrell  and  Burrows 
have  observed  activity  and  growth  to  continue  for  long  periods  in  the 
isolated  cells  of  a  number  of  tissues  and  organs  kept  under  observation 
in  a  suitable  medium.  Carrell  has  succeeded  in  substituting  entire 
orgtms  obtuned  after  death  from  one  animal  for  those  of  another  of 
the  same  species,  and  has  thereby  opened  up  a  field  of  surgical  treat- 
ment the  limits  of  which  can  not  yet  he  deeoried.  It  is  a  well- 
established  fact  that  any  part  of  the  body  can  be  maintained  alive 
for  hours  isolated  from  the  rest  if  perfused  with  serum  (Kronecker, 
frog  heart),  or  with^an  oxygenated  solution  of  salts  in  certain  pro- 
portions (Ringer).  Such  revival  and  prolongation  of  the  life  of  sep- 
arated organs  ia  an  ordinary  procedure  in  laboratories  of  physiology. 
IJke  all  the  other  instances  enumerated,  it  is  based  on  the  fact  that 
the  individual  cells  of  an  oi^an  have  a  life  of  their  own  wluch  ia 
loigely  independent,  so  that  they  will  continue  in  suitable  circum- 
stances to  live,  although  the  rest  of  the  body  to  which  they  belonged 
may  be  dead. 

But  some  cells,  and  the  organs  which  are  formed  of  them,  are  more 
necessary  to  maintain  the  life  of  the  aggregate  than  others,  on  account 
of  the  nature  of  the  functions  which  have  become  specialized  in  them. 
This  is  the  case  with  the  nerve  cells  of  the  respiratory  center,  since 
they  preside  over  the  movements  which  are  necessary  to  effect  oxy- 
genation of  the  blood.  It  is  also  true  for  the  cells  which  compose  the 
heart,  since  this  serves  to  pump  oxygenated  blood  to  aU  other  cells 
of  the  body ;  without  such  blood  most  cells  soon  cease  to  Hve.  Hence 
we  examine  respiration  and  heart  to  determine  if  life  is  present; 
when  one  or  both  of  these  are  at  a  standstill  we  know  that  life  can  not 
be  maintained.  These  are  not  the  only  oigans  necessary  for  the 
niiuntenance  of  life,  but  the  loss  of  othets  can  be  borne  longer,  since 
the  functions  which  they  subserve,  although  useful  or  even  essential 
to  the  oi^anism,  can  be  dispensed  with  for  a  time.  The  life  of  some 
ceQa  is  therefore  more,  of  others  lees,  necessary  for  maintaining  the 
life  of  the  rest.  On  the  other  hand,  the  cells  composing  certain  oigans 
have  in  the  course  of  evolution  ceased  to  be  necessary,  and  their  con- 
tinued existence  may  even  be  harmful.  'Wiedersheim  has  enumei^ 
ated  more  than  a  hundred  of  these  organs  in  the  human  body.  Doubt- 
less nature  is  doing  her  best  to  get  lid  of  them  for  us,  and  our  descend- 
ants will  some  day  have  ceased  to  possess  a  yermiform  appendix  or  a 
pharyngeal  tonsil;  until  that  epoch  arrives  we  must  rdy  for  their 
removal  on  the  more  rapid  methods  of  surgery. 
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UAINTSNANOE    OF    LIFE    OF    CELL    AOQBEOATB    EH    HIOQBB    ANIMALS. 

We  have  seen  that  in  the  simplest  multicellular  organisms,  where 
one  cell  of  the  aggregate  differs  but  little  from  another,  the  condi- 
tions for  the  maintenance  of  the  life  of  the  whole  are  nearly  as  simple 
as  those  for  individual  cells.  But  the  life  of  a  cell  aggregate  such  as 
composes  the  bodies  of  the  higher  ftTtimftla  ia  maintained  not  only  by 
the  conditions  for  the  maintenance  of  the  life  of  the  individual  celt 
beii^  kept  favorable,  but  also  by  the  coordination  of  the  varied 
activities  of  the  cells  which  fonn  the  ^gregate.  Whereas  in  the 
lowest  Metazoa  all  cells  of  the  aggregate  are  alike  in  structure  and 
function  and  perform  and  share  everything  in  common,  in  higher 
ftnimaU  (and  for  that  matter  in  the  higher  plants  also)  the  cells  have 
become  specialized,  and  each  is  only  adapted  for  the  performance  of 
a  particular  function.  Thus  the  cells  of  the  gastric  glands  are  only 
adapted  for  the  secretion  of  gastric  juice,  the  cells  of  the  villi' for  the 
absorption  of  digested  matters  from  the  Intestine,  the  cells  of  the 
kidney  for  the  removal  of  waste  products  and  superfluous  water  from 
the  blood,  those  of  the  heart  for  pumping  blood  through  the  vessels. 
Each  of  these  cells  has  its  individual  life  and  performs  its  individual 
functions.  But  unless  there  were  some  sort  of  cooperation  and  sub- 
ordination to  the  needs  of  the  body  generally,  there  would  be  some- 
times too  little,  sometimes  too  much,' gastric  juice  secreted;  some- 
times too  tardy,  sometimes  too  rapid,  an  absorption  from  the  intestine ; 
sometimes  too  little,  sometimes  too  much,  blood  pumped  into  the 
arteries,  and  so  on.  As  the  result  of  such  lack  of  cooperation  the 
life  of  the  whole  would  cease  to  be  normal  and  would  eventually 
cease  to  be  maintained. 

We  have  already  seen  what  are  the  conditions  which  are  favorable 
for  the  maintenance  of  life  of  the  individual  cell,  no  matter  where 
situated.  The  principal  condition  is  that  it  must  be  bathed  by  a 
nutriwit  fluid  of  suital3te-«nd  constant  composition.  In  higher  ani- 
mals this  fluid  is  the  lymph,  which  bathes  the  tissue  elements  and  is 
itself  constantly  supplied  with  fresh  nutriment  and  oxygen  by  the 
blood.  Some  tissue  cells  are  directly  bathed  by  blood;  and  in  inver- 
tebrates, in  which  there  is  no  special  system  of  lymph  vessels,  all  the 
tissues  are  thus  nourished.  All  cells  both  take  from  and  give  to  the 
blood,  but  not  the  same  materials  or  to  an  equal  extend.  Some, 
such  as  the  absorbing  cells  of  the  villi,  almost  exclusively  ^ve; 
others,  such  as  the  cells  of  the  renal  tubules,  almost  exclusively  take. 
Nevertheless,  the  resultant  of  all  the  give  and  take  throughout  the 
body  serves  to  maintain  the  composition  of  the  blood  constant  under 
all  circumstances.  In  this  way  the  first  condition  of  the  maintenance 
of  the  life  of  the  aggregate  is  fulfilled  by  insuring  that  the  life  of  the 
individual  cells  composing  it  is  kept  normal. 
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The  second  essential  condition  for  the  maintenance  of  life  of  the 
cell  a^regate  is  the  coordination  of  ita  parts  and  the  due  regulatitm 
of  their  activity,  so  that  they  may  work  together  for  the  benefit  of 
the  whole.  In  the  animal  body  this  is  effected  in  two  ways;  First, 
through  the  nervous  system;  and,  second,  by  the  action  of  specific 
chemical  substances  which  are  formed  in  certain  oi^ans  and  carried 
by  the  blood  to  other  parts  of  the  body,  the  cells  of  which  they  excite 
to  activity.  These  substances  have  received  the  general  designation 
of  "hormones"  (bp/tdo),  to  stir  up),  a  term  introduced  by  Prof. 
Starling.  Their  action,  and  indeed  their  very  existence,  has  only 
been  recognized  of  late  years,  although  the  part  which  they  play  in 
the  physiology  of  animals  appears  to  be  only  second  in  importance 
to  that  of  the  nervous  system  itself;  indeed,  maintenance  of  life  may 
become  impossible  in  the  absence  of  certain  of  these  hormones. 

NBBVOUS  SrSTBM  IN   HAINTllNANCE  OF  AOGBBQATE  LIFE. 

Before  we  consider  the  maimer  in  which  the  nervous  system  serves 
to  coordinate  the  fife  of  the  cell  ag^egate,  let  us  see  how  it  has 
become  evolved. 

The  first  step  in  the  process  was  taken  when  certain  of  the  cells  of 
the  external  layer  became  specially  sensitive  to  stimuli  from  outside, 
whether  caused  by  mechanical  impressions  (tactile  and  auditoiy 
stimuli)  or  impressions  of  light  and  darkness  (visual  stimuU)  or 
chemical  impressions.  The  effects  of  such  impressions  were  prob- 
ably at  first  simply  communicated  to  adjacent  cells  and  spread  from 
cell  to  cell  throughout  the  mass.  An  advance  was  made  when  the 
more  impressionable  cells  threw  out  branching  feelers  amongst  the 
other  cells  of  the  organism.  Such  feelers  would  convey  the  effects  of 
stimuli  with  greater  rapidity  and  directness  to  distant  parts.  They 
may  at  first  have  been  retractile,  in  this  respect  resembling  the  long 
pseudopodia  of  certain  Rhizopoda.  When  they  became  fixed  they 
would  be  potential  nerve  fibers  and  would  represent  the  beginning  of 
a  nervous  system.  Even  yet  (as  Ross  Harrison  has  shown),  in  the 
course  of  development  of  nerve  fibers,  each  fiber  makes  its  appear- 
ance as  an  amoeboid  cell  process  which  is  at  first  retractile,  but 
gradually  grows  into  the  position  it  is  eventually  to  occupy  and  in 
which  it  will  become  fixed. 

In  the  further  course  of  evolution  a  certain  number  of  these 
specialized  cells  of  the  external  layer  sank  below  the  general  surface, 
partJy  perhaps  for  protection,  partly  for  better  nutrition,  they 
became  nerve  cells.  They  remained  connected  with  the  surface  by 
a  prolongation  wluoh  became  an  afferent  or  sensory  nerve  fiber,  and 
through  ita  termination  between  the  cells  of  the  general  surface  con- 
tinued to  receive  the  effects  of  external  impressions;  on  the  other 
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hand,  they  oontmued  to  tmnsmit  these  impressions  to  other,  more 
distant  cells  hy  iheax  efferent  prolongstions.  In  the  further  courae 
of  evolution  the  nervous  system  thus  lud  down  became  difFerentisted 
into  distinct  afferent,  dfferefd,  and  inJermAftory  portions.  Once 
established,  such  a  nervous  system,  however  simple,  must  dominate 
the  organism,  since  it  would  furnish  a  mechanism  whereby  the  indi- 
vidual celts  would  work  together  more  effectually  for  tiie  mutual 
benefit  of  the  whole. 

It  is  the  development  of  the  nervous  system,  although  not  pro- 
ceeding in  all  classes  along  exactly  the  same  line,  which  is  the  most 
prominent  feature  of  the  evolution  of  the  Metazoa.  By  and  through 
it  all  impressionfi  reaching  the  organism  from  the  outside  are  trans- 
lated into  contraction  or  some  other  form  of  cell  activity.  Its  for- 
mation has  been  tiie  means  of  caurang  the  complete  divergence  of  the 
world  of  ftnimnTii  from  the  world  of  plants,  none  of  which  possess  any 
trace  of  a  nervous  system.  Plants  react,  it  is  true,  to  external 
impressions,  and  these  impressions  produce  profound  changes  and 
even  comparatively  rapid  and  enei^tio  movements  in  parts  distant 
from  the  point  of  application  of  the  stimulus — as  in  the  well-known 
instance  of  the  senntive  plant.  But  the  impressions  are  in  all  cases 
propagated  directly  from  oell  to  cell — not  through  the  agency  tA 
nerve  fibers;  and  in  the  absence  of  anything  corresponding  to  a 
nervous  system  it  is  not  possible  to  suppose  that  any  plant  can  ever 
acquire  the  least  glimmer  of  intelligence.  In  animals,  on  the  other 
hand,  from  a  slight  orig^al  modification  of  certain  cells  has  directly 
proceeded  in  the  course  of  evolution  the  elaborate  structure  of  the 
nervous  system  with  all  its  varied  and  complex  functions,  which 
reach  their  culmination  in  the  working  of  the  human  intellect. 
"What  a  piece  of  work  is  a  man!  How  noble  in  reason!  How 
infinite  in  facultyl  In  form  and  movii^  how  express  and  admirable! 
In  action  how  like  an  angelt  In  apprehension  how  like  agodl"  But 
lest  he  be  elated  with  his  psychical  achievements,  let  him  remember 
that  they  are  but  the  result  of  the  acquisition  by  a  few  cells  in  a 
remote  ancestor  of  a  slightly  greater  tendency  to  react  to  an  external 
stimulus,  so  that  these  cells  were  brought  into  closer  touch  with  the 
outer  worid;  while  on  the  other  hand,  by  extending  beyond  the  cir- 
cumscribed area  to  which  their  neighbots  remained  restricted,  they 
gradually  acquired  a  dominating  infiuence  over  the  rest.  These 
dominatjng  cells  became  nerve  cells;  and  now  not  only  furnish  the 
means  for  transmission  of  impressions  from  one  part  of  the  organism 
to  another,  but  in  the  progress  of  time  have  become  the  seat  of 
perception  and  conscious  sensation,  of  the  formation  uid  association 
of  ideas,  of  memory,  of  volition,  and  all  the  manifestations  of  the 
mind. 
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BBOUI^TION   OP  MOVBMBNTS   BY  SBBVOCS  BTBTEM— -VOLUNTABy 
MOVEMENTS. 

The  most  conspicuous  part  played  by  the  nervous  system  in  the 
phenomena  of  life  is  that  which  produces  and  regulates  the  genera] 
movements  of  the  body — movements  brought  about  by  the  so-called 
voluntary  muscles.  These  movements  are  actually  the  result  of 
unpressions  imparted  to  sensory  or  afferent  nerves  at  the  periphery, 
e.  g.,  in  the  skin  or  in  the  several  oigans  of  Bpecial  sense;  the  effect 
of  these  impressions  may  not  be  immediate,  but  can  be  stored  for  an 
indefinite  time  in  certain  cells  of  the  nervous  system.  The  regu- 
lation of  movements — whether  they  occur  instantly  after  reception 
of  the  peripheral  impression  or  result  after  a  certain  lapse  of  time; 
whether  they  are  accompanied  by  conscious  sensation  or  are  of  a 
purely  reflex  and  unconscious  character — ^is  an  intricate  process,  and 
the  conditions  of  their  coordination  are  of  a  complex  nature,  involving 
not  merely  the  causation  and  contraction  of  certain  muscles,  but  also 
the  prevention  of  the  contraction  of  others.  For  our  present  knowl- 
edge of  these  conditions  we  are  lai^ely  indebted  to  the  researches  of 
Prof.  Sherrington. 

INVOLUNTABT  MOVEUENTS — EFTBtTFa  OF   BUOTIONS. 

A  less  conspicuous  but  no  less  important  part  played  by  t^e  nervous 
system  is  that  by  which  the  contractions  of  involuntary  muscles  are 
regulated.  Under  normal  circumstances  these  are  always  inde- 
pendent of  consciousness,  but  t^eir  regulation  is  brought  about  in 
much  the  same  way  as  is  that  of  the  contractions  of  voluntary 
muscles,  viz,  as  the  result  of  impressions  received  at  the  periphery. 
These  are  transmitted  by  afferent  fibers  to  the  central  nervous 
system,  and  from  the  latter  other  impulses  are  sent  down,  mostly 
along  the  nerves  of  the  sympathetic  or  autononiic  system  of  nerves, 
which  either  stimulate  or  prevent  contraction  of  the  involuntary 
muscles.  Many  involuntary  muscles  have  a  natural  tendency  to 
continuous  or  rhythmic  contraction,  which  is  quite  independent  of  t^ 
central  nervous  system.  In  this  case  the  effect  of  impulses  received 
from  the  latter  is  merely  to  increase  or  diminish  the  amount  of  such 
contraction.  An  example  of  this  double  effect  is  observed  in  con- 
nection with  the  heart,  which,  although  it  can  contract  regularly  and 
rhythmically  when  cut  off  ^m  the  nervous  system  and  even  if 
removed  from  the  body,  is  normally  stimulated  to  increased  activity 
by  impulses  coming  trom  the  central  nervous  system  through  the 
sympathetic,  or  to  diminished  activity  by  others  coming  through  the 
vagus.  It  is  due  to  the  readiness  by  which  the  action  of  the  heu-t  is 
influenced  in  these  opposite  ways  by  the  spread  of  impulses  generated 
during  the  nerve  storms  which  we  term  "emotions"  that  in  the 


;;,t,zec  by  Google 


life:  its  NATUBE,  OBIOIN,  and   maintenance — SOHAFBB.      517 

language  of  poetry,  and  even  of  every  day,  the  word  "heart  "  has 
become  synonymoua  with  tite  emotions  themselves. 

The  involuntary  muscle  of  the  arteries  has  ita  action  similarly  bal- 
anced. When  its  contraction  is  increased  the  size  of  the  vessels  is 
lessened  and  they  deliver  less  blood;  the  parts  they  supply  accord- 
ingly become  pale  in  color.  On  Uie  other  hand,  when  the  contraction 
is  diminished  the  vessels  enlarge  and  deliver  more  blood;  the  parts 
wluch  they  supply  become  correspondingly  ruddy.  These  changes  in 
the  arteriesj  like  the  effects  upon  the  heart,  may  also  be  produced 
under  the  influence  of  emotions.  Thus  ' '  blushing  "  is  a  purely  phys- 
iological phenomenon  due  to  diminished  action  of  the  muscular 
tissue  of  the  arteries,  whilst  the  pallor  produced  by  fright  is  caused 
by  an  increased  contraction  of  ^at  tissue.  Apart,  however,  from 
these  conspicuous  effects,  there  is  constantly  proceeding  a  less 
apparent  but  not  less  important  balancing  action  between  the  two 
eel^  of  nerve  flbers  distributed  to  heart  and  blood  vessels,  which  are 
influenced  in  one  direction  or  another  by  every  sensation  which  we 
experience,  and  even  by  impressions  of  which  we  may  be  wholly 
unconscious,  such  as  those  which  occur  during  sleep  or  anesthesia,  or 
which  affect  our  otherwise  insensitive  internal  oi^ans. 

BEaULATION  OF  HECRBTION   AND  BODT  TBHPBBATDItE. 

A  further  instance  of  nerve  reflation  is  seen  in  secreting  glands. 
Not  all  glands  are  thus  regulated,  at  least  not  directly;  but  in  those 
which  are  the  effects  are  striHng.  Their  regulation  is  of  the  sajne 
general  nature  as  that  exercised  upon  involuntary  muscle,  but  it 
influences  the  chemical  activities  of  the  gland  cells  and  the  out- 
pouring of  secretion  from  them.  By  means  of  this  regulation  a  secre- 
tion can  be  produced  or  arrested,  increased  or  diminished.  As  with 
muscle,  a  suitable  balance  is  in  this  way  maintained,  and  the  activity 
of  the  glands  is  adapted  to  the  requirements  of  the  oi^anism.  Most 
of  the  digestive  glands  are  thus  influenced,  as  are  the  skin  glands 
which  secrete  sweat.  And  by  the  action  of  the  nervous  system  upon 
the  sidn  glands,  together  with  its  effect  in  increasing  or  diminishing 
the  blood  supply  to  the  cutaneous  blood  vessels,  the  temperature  of 
our  blood  is  r^ulated  and  is  kept  at  the  point  best  suited  for  mainte- 
nance of  the  Ife  and  activity  of  the  tissues. 

EFFECTS  OF   EMOTIONS   ON  SEOBETION. 

The  action  of  the  nervous  system  upon  the  secretion  of  glands  is 
strikingly  exemplifled,  as  in  the  case  of  Its  action  upon  the  heart  and 
blood  vessels  by  the  effects  of  the  emotions.  Thus  an  emotion  of  one 
kind,  such  as  the  anticipation  of  food,  will  cause  saliva  to  flow — "the 
mouth  to  water;"  whereas  an  emotion  of  another  kind,  such  as  fear 
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or  anxiety,  will  stop  the  secretioii,  causing  the  "tongue  to  cleave  unto 
the  roof  of  the  mouth,"  rendering  speech  difiScult  or  impossible. 
Such  arrest  of  the  Balivary  secretion  also  makes  the  swallowing  of  dry 
food  difficult.  Advantage  of  tiiis  fact  is  taken  in  the  "ordeal  by 
rice"  which  used  to  be  employed  in  ihp  East  for  the  detection  of 
criminals. 

BBODLATION  BT  OHEMIOAL  AGENTS. 

The  activities  of  the  cells  constituting  our  bodies  ore  controlled,  as 
already  mentioned,  in  another  way  than  through  the  nervous  system, 
viz,  by  chemical  agents  (hormones)  circulating  in  the  blood.  Many 
of  tiiese  are  produced  by  special  glandular  organs,  known  as  iq^mally 
secreting  glands.  The  ordinary  secreting  glands  pour  their  secretions 
on  the  exterior  of  the  body  or  on  a  surface  communicating  with 
the  exterior;  the  internally  secreting  glands  pass  the  materials  which 
they  produce  directly  into  the  blood.  In  this  fluid  the  hormones  are 
carried  to  distant  organs.  Their  influence  upon  an  organ  may  be 
essential  to  the  proper  performance  of  its  functions  or  may  be  merely 
ancillary  to  it.  In  the  former  cose  removal  of  the  internally  secreting 
gland  which  produces  the  hormone,  or  its  destruction  by  disease,  may 
prove  fatal  to  the  organism.  This  is  the  case  with  the  suprarenal  ' 
capsules,  small  glands  which  are  adjacent  to  the  kidneys,  although 
having  no  physiolo^cal  connection  with  these  organs.  A  Guy's 
physician.  Dr.  Addison,  in  the  middle  of  the  last  century  showed  that 
a  certain  affection,  almost  always  fatal,  since  known  by  lus  name,  is 
associated  with  disease  of  the  suprarenal  capsules,  A  short  time  after 
this  observation  a  French  physiolo^t,  Brown-S^uard,  found  that 
animals  from  which  the  suprarenal  capsules  are  removed  rarely  svt- 
vive  the  operation  for  more  than  a  few  days.  In  the  concluding  dec- 
ade of  the  last  century  interest  in  these  botUes  was  revived  by  the  dis- 
covery that  they  are  constantly  yielding  to  the  blood  a  chemical 
agent  (or  hormone)  which  stimulates  the  contractions  of  the  heart 
and  arteries  and  assists  in  the  promotion  of  every  action  which  is 
brought  about  through  the  sympathetic  nervous  system  (Langley). 
In  this  manner  the  importance  of  their  integrity  has  been  explained, 
although  we  have  still  much  to  learn  regarding  their  functions. 

THTBOn)  AND  FAB  ATM  YKOms . 

Another  instance  of  an  internally  secreting  gland  which  is  essential 
to  life,  or  at  least  to  its  maintenance  in  a  normal  condition,  is  the  thy- 
roid. The  association  of  imperfect  development  or  disease  of  the 
thyroid  with  disorders  of  nutrition  and  inactivity  of  the  nervous  sys- 
tem is  well  ascertained.  The  form  of  idiocy  known  as  cretinism  and 
the  affection  termed"  myxosdema"  are  both  associated  with  deflciency 
of  its  secretion;  somewhat  similar  conditions  to  these  are  produced 
by  the  surgical  removal  of  the  gland.    The  symptoms  are  alleviated 
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or  cured  by  tha  administration  of  its  juice.  On  the  other  hand,  en- 
laigement  of  the  thyroid,  accompanied  by  increase  of  its  secretion, 
produced  symptoms  of  nervous  excitation,  and  similar  symptoms 
are  caused  by  excessive  administration  of  the  glandular  substance  by. 
the  mouth.  From  these  observations  it  is  inferred  that  the  juice  con- 
tains hormones  which  help  to  regulate  the  nutrition  of  the  body  and 
serve  to  stimulate  the  nervous  system,  for  the  higher  functions  of 
which  they  appear  to  be  essential.  To  quote  M.  Gley,  to  whose  re- 
searches we  owe  much  of  o^^^  knowledge  regarding  the  functions  of 
this  organ,  "La  gen^e  et  I'exercice  des  plus  hautes  facultfe  de 
I'homme  sont  conditionnfe  par  I'action  purement  chimique  d'un  pro- 
duit  de  sficrfition.     Que  les  psychologues  m&litent  ces  faits." 

The  case  of  the  parathyroid  glandules  is  still  more  remarkable. 
These  organs  were  discovered  by  Sandstrdm  in  1880.  They  are  four 
minute  bodies,  each  no  latter  than  a  pin's  head,  embedded  in  the 
thyroid.  Small  as  they  are,  their  internal  secretion  possesses  hor- 
mones which  exert  a  .powerful  influence  upon  the  nervous  system. 
If  they  are  completely  removed,  a  complex  of  symptoms,  technically 
known  as  "tetany,"  is  liable  to  occur,  which  is  always  serious  and  may 
be  fatal.  Like  the  hormones  of  the  thyroid  itself,  therefore,  those  of 
the  parathyroids  produce  effects  upon  the  nervous  system,  to  which 
they  are  carried  by  the  blood,  although  the  effects  are  of  a  different 
kind. 

PITUrrABY    QIAND. 

Another  internally  secretii^  gland  which  has  evoked  considerable 
interest  during  the  last  few  years  is  the  pituitary  body.  This  is 
a  small  structure  no  larger  than  a  cob  nut  attached  to  the  base  of 
the  brain.  It  is  mainly  composed  of  glandular  cells.  Its  removal 
has  been  foimd  (by  most  observers)  to  be  fatal — often  within  two  or 
three  days.  Its  hypertrophy,  when  occurring  during  the  general 
growth  of  the  body,  is  attended  by  an  undue  development  of  the 
skeleton,  so  that  the  stature  tends  to  assume  gigantic  proportions. 
When  the  hypertrophy  occurs  after  growth  is  completed,  the  extremi- 
ties, viz,  the  hands  and  feet  and  the  bones  of  the  face,  are  mainly 
affected;  hence  the  condition  has  been  termed  "acromegaly"  (en- 
largement of  extremities).  The  association  of  this  condition  with 
affections  of  the  pituitary  was  pointed  out  in  1885  by  a  distinguished 
French  physician,  Dr.  Pierre  Marie.  Both  "giants"  and  "acromeg- 
aUsts"  are  almost  invariably  found  to  have  an  enlarged  pituitary. 
The  enlargement  is  generally  confined  to  one  part — the  anterior 
lobe — and  we  conclude  that  this  produces  hormones  which  stimulate 
the  growth  of  the  body  generally  and  of  the  skeleton  in  particular. 
The  remainder  of  the  pituitary  is  different  in  structure  from  the  an- 
terior lobe  and  has  a  different  function.  From  it  hormones  can  be 
extracted  which,  like  those  of  the  suprarenal  capsule,  although  not 
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exactly  in  the  same  maimer,  influence  the  contraction  of  the  heart 
and  arteries.  Its  extracts  are  also  instrumental  in  promoting  the 
secretion  of  certain  glands.  When  injected  into  the  blood  they  cause 
a  free  secretion  of  water  from  the  kidneys  and  of  milk  from  the  mam- 
mary glands,  neither  of  which  organs  are  directly  influenced  (as  most 
other  glands  are)  through  the  nervous  system.  Doubtless  mider 
natural  conditions  these  oi^ans  are  stimulated  to  activity  by  hormones 
which  are  produced  in  the  pituitary  and  which  pass  from  this  into  the 
blood. 

The  internally  secreting  glands  which  have  been  mentioned  (thy- 
roid, parathyroid,  suprarenal,  pituitary)  have,  so  far  as  is  known,  no 
other  function  than  that  of  producing  chemical  substances  of  this 
character  for  the  influencing  of  other  organs,  to  which  they  are  con- 
veyed by  the  blood.  It  is  interesting  to  observe  that  these  glands 
are  all  of  very  small  size,  none  being  larger  than  a  walnut,  and  some— 
the  parathyroids — almost  microscopic.  In  spite  of  this,  they  are 
essential  to  the  proper  maintenance  of  the  life  of  the  body,  and  the 
total  removal  of  any  of  them  by  disease  or  operation  is  in  most  cases 
speedily  fatal. 

FANCHEAS. 

There  are,  however,  organs  in  the  body  yielding  internal  secretions 
to  the  blood  in  the  shape  of  hormones,  but  exercising  at  the  same  time 
other  functions.  A  strikii^  instance  is  furnished  by  the  pancreas,  the 
secretion  of  which  is  the  most  important  of  the  digestive  juices. 
This — the  pancreatic  juice — forms  the  external  secretion  of  the  gland, 
and  is  poured  into  iha  intestine,  where  its  action  upon  the  food  as  it 
passes  out  from  the  stomach  has  long  been  recognized.  It  was,  how- 
ever, discovered  in  1889  by  Von  Mering  and  Minkowski  that  the  pan- 
creas also  furnishes  an  internal  secretion,  containing  a  hormone  which 
is  passed  from  the  pancreas  into  the  blood,  by  which  it  is  carried  first 
to  the  liver  and  afterwards  to  the  body  generally.  This  hormone  is 
essential  to  the  proper  utilization  of  carbohydrates  In  the  oi^anism. 
It  is  well  known  that  the  carbohydrates,  of  the  food  are  converted 
into  grape  sugar  and  circulate  in  this  form  in  the  blood,  which  always 
contains  a  certain  amoimt;  the  blood  conveys  it  to  all  the  cells  of  the 
body,  and  they  utilize  it  as  fuel.  If,  owing  to  disease  of  the  pancreas 
or  as  the  result  of  its  removal  by  surgical  procedure,  its  internal  secre^ 
tion  is  not  available,  sugar  is  no  longer  properly  utilized  by  the  cells 
of  the  body  and  tends  to  accumulate  in  the  blood;  from  the  blood  the 
excess  passes  off  by  the  kidneys,  producing  diabetes. 

DUODENtJM. 

Another  instance  of  an  internal  secretion  furnished  by  an  q;[gan 
which  is  devoted  lai^ly  to  other  functions  is  the  "prosecretin" 
found  in  the  cells  lining  the  duodenum.    When  the  acid  gastric  juice 
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comes  into  contact  with  these  cells  it  oonverte  their  prosecretin  into 
"secretin."  This  is  a  hormone  which  is  passed  into  the  blood  and 
circulates  with  that  fluid.  It  has  a  specific  effect  on  the  externally 
secreting  cells  of  the  pancreas  and  causes  the  rapid  outpouring  of 
pancreatic  juice  into  the  intestine.  This  effect  is  similar  to  that  of  the 
hormones  of  the  pituitary  body  upon  the  cells  of  the  kidney  and  mam- 
mary gland.     It  was  discovered  by  Bayliss  and  Starling. 

INTERNAL  SBCBETIONa   OP  EEPEODUCTIVE  ORGANS. 

The  reproductive  glands  furnish  in  many  respects  the  most  intereet" 
ing  example  of  organs  .which — besides  their  ordinary  products,  the 
germ  and  sperm  cells  (ova  and  spermatozoa) — form  hormones  which 
circulate  in  the  blood  and  effect  changes  in  cells  of  distant  parts  of  the 
body.  It  is  through  these  hormones  that  the  secondary  sexual  char- 
acters, such  as  the  comb  and  tail  of  the  cock,  the  mane  of  the  lion,  the 
horns  of  the  stag,  the  beard  and  enlarged  larynx  of  a  man,  are  pro- 
duced as  well  as  the  many  differences  in  form  and  structure  of  the  body 
which  are  characteristic  of  the  sexes.  The  dependence  of  these 
so-called  secondary  sexual  characters  upon  the  state  of  develop- 
ment of  the  reproductive  organs  has  been  recognized  from  time  im- 
memorial, but  has  usually  been  ascribed  to  influences  produced 
through  the  nervous  system,  and  it  is  only  in  recent  years  that  the 
changes  have  been  shown  to  be  brought  about  by  the  agency  of  in- 
ternal secretions  and  hormones,  passed  from  the  reproductive  glands 
into  the  circulating  blood.' 

CREIUOAL  NATUBB   OF  HOBUONZS. 

It  has  been  possible  in  only  one  or  two  histances  to  prepare  and 
isolate  the  hormones  of  the  internal  secretions  in  a  sufficient  conditioo 
of  purity  to  subject  them  to  analysis,  but  enough  is  known  about 
them  to  indicate  that  they  are  organic  bodies  of  a  not  very  complex 
nature,  far  simpler  than  proteins  and  even  than  enzymes.  Those 
which  have  been  studied  are  all  dialysable,  are  readily  soluble  in 
water,  but  insoluble  in  alcohol,  and  are  not  destroyed  by  boiling.  One 
at  least — that  of  the  medulla  of  the  suprarenal  capsule — has  been 
Rrepared  synthetically,  and  when  their  exact  chemical  nature  has 
been  somewhat  better  elucidated  it  will  probably  not  be  difiBcult  to 
obtain  others  in  the  same  way. 

From  the  above  it  is  clear  that  not  only  is  a  coordination  through 
the  nervous  system  necessary  in  order  that  life  shall  be  maintained 
in  a  normal  condition,  but  a  chemical  coordination  is  no  less  essential. 
These  may  be  independent  of  one  another;  but  on  the  other  band 
they  may  react  upon  one  another.  For  it  can  be  shown  that  the 
production  of  some  at  least  of  the  hormones  is  under  the  influence  of 

1  Tha  irldtDc*  b  to  be  fxuid  Id  F.  B.  A.  Ibniull,  Tbs  PhyilitkigT  of  S«pn>duotk>D,l«l. 
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the  DervouB  system  (Biedl,  Asher,  Elliott) ;  whilst,  as  we  hare  seen, 
some  of  the  functions  of  the  nervous  system  are  dependent  upon 
hormones. 

FBOTECnVE  CHEUICAL  UECHANISHS. 

Time  will  not  permit  me  to  refer  in  any  but  the  briefest  manner  to 
the  protective  mechanisms  which  the  cell  aggregate  has  evolved  for 
its  defense  against  disease,  especially  disease  produced  by  parasitic 
microorganisms.  These,  which  with  few  exceptions  are  imicellular, 
are  without  doubt  the  most  formidable  enemies  which  the  multi- 
cellular Metazoa,  to  which  all  the  higher  animal  organismB  belong, 
have  to  contend  against.  To  such  microoi;ganiflma  are  due  inter  alia 
all  diseases  which  are  liable  to  become  epidemic,  such  as  anthrax  and 
rinderpest  in  cattle,  distemper  in  dogs  and  cats,  smallpox,  scarlet 
fever,  meaelee,  and  sleeping  sickness  in  man.  The  advances  of 
modem  medicine  have  shown  that  the  symptoms  of  these  diseases — 
the  disturbances  of  nutrition,  the  temperature,  the  lassitude  or 
excitement,  and  other  nervous  dbturbances — are  the  effects  of 
chemical  poisons  (toxins)  produced  by  the  microoi^^anisms  and  acting 
deleteriously  upon  the  tissues  of  the  body.  The  tissues,  on  the  other 
hand,  endeavor  to  counteract  these  effects  by  producing  other 
chemical  substances  destructive  to  the  microorganisms  or  antagonis- 
tic to  their  action:  these  are  known  as  antibodies.  Sometimes  the 
protection  takes  the  form  of  a  subtle  alteration  in  the  living  sub- 
stance of  the  cells  which  renders  them  for  a  long  time,  or  even  per- 
manently, insusceptible  (unmune)  to  the  action  of  the  poison.  Some- 
times certain  cells  of  the  body,  such  as  the  white  corpuscles  of  the 
blood,  eat  the  invading  microorganisms  and  destroy  them  bodily  by 
the  action  of  chemical  agents  within  their  protoplasm.  The  result  of 
an  illness  thus  depends  upon  the  result  of  the  struggle  between  these 
opposing  forces — the  microorganisms  on  the  one  hand  and  the  cells 
of  the  body  on  the  other — both  of  which  fight  with  chemical  weapons. 
If  the  cells  of  the  body  do  not  succeed  in  destroying  the  invading 
organisms,  it  is  certain  that  the  invaders  will  in  the  long  run  destroy 
them,  for  in  this  combat  no  quarter  is  given.  Fortunately  we  have 
been  able,  by  the  aid  of  animal  experimentation,  to  acquire  some 
knowledge  of  the  manner  in  which  we  are  attacked  by  microoi^aoismB 
and  of  the  methods  which  the  cells  of  our  body  adopt  to  repel  the 
attack,  and  the  knowledge  is  now  extensively  utilized  to  assist  our 
defense.  For  this  purpose  protective  serums  or  antitoxins,  which 
have  been  formed  in  the  blood  of  other  animals,  are  employed  to 
supplement  the  action  of  those  which  our  own  cells  produce.  It  is 
not  too  much  to  assert  that  the  knowledge  of  the  parasitic  origin  of 
BO  many  diseases  and  of  the  chemical  agents  which  on  the  one  band 
cause,  and  on  the  other  combat,  their  symptoms,  has  transformed 
medicine  6Y>m  a  mere  art  practiced  empirically  into  a  real  adence 
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based  upon  ezperiment.  The  transformation  has  opened  out  on 
illmiitable  vista  of  possibilities  in  the  direction  not  only  of  cure,  but, 
more  important  still,  of  prevention.  It  has  taken  place  within  the 
memory  of  most  of  ua  who  aie  here  present.  And  only  last  February 
the  world  was  mourning  the  death  of  one  of  the  greatest  of  its  bene- 
factors— a  former  president  of  this  association' — ^who,  by  applying 
this  knowledge  to  the  practice  of  aui^;ery,  was  instrumental,  even  in 
his  own  lifetime,  in  saving  more  lives  than  were  destroyed  in  all  the 
bloody  wars  of  the  nineteenth  centurjl 

SBNESCBNOB   Ain>  DEATH, 

The  question  has  been  debated  whether,  if  all  accidental  modes  of 
destruction  of  the  life  of  the  cells  could  be  eliminated,  there  would 
remain  a  possibility  of  individual  cell  life,  and  even  of  aggregate  cell 
life,  continuing  indefinitely;  in  other  words,  Are  the  phenomena  of 
senescence  and  death  a  natural  and  necessary  sequence  to  the  exist- 
ence of  life }  To  most  of  mj  audience  it  will  appear  that  the  subject 
is  not  open  to  debate.  But  some  physiologists  (e.  g.,  Metchnikoff) 
hold  that  the  condition  of  senescence  is  itself  abnormal;  that  old  age 
is  a  form  of  disease  or  is  due  to  disease,  and,  theoretically  at  least,  is 
capable  of  being  eliminated.  We  have  already  seen  that  individual 
cell  life,  such  as  that  of  the  white  blood  corpuscles  and  of  the  cells  of 
many  tissues,  can  under  suitable  conditions  be  prolonged  for  days 
or  weeks  or  months  after  general  death.  Unicellular  organisms  kept 
under  suitable  conditions  of  nutrition  have  been  observed  to  carry  on 
their  functions  normally  for  prolonged  periods  and  to  show  no  degen- 
eration such  as  would  accompany  senescence.  They  give  rise  by 
division  to  others  of  the  same  Irind,  which  also,  under  favorable 
conditions,  continue  to  live,  to  all  appearance  indefinitely.  But 
these  instances,  although  they  indicate  that  in  the  simplest  forms 
of  organization  existence  may  be  greatly  extended  without  signs  of 
decay,  do  not  furnish  conclusive  evidence  of  indefinite  prolongation 
of  life.  Most  of  the  cells  which  constitute  the  body,  ait^  a  period  of 
growth  and  activity,  sometimes  more,  sometimes  less  prolonged, 
eventually  undergo  atrophy  and  cease  to  perform  satisfactorily  the 
functions  which  are  allotted  to  them.  And  when  we  consider  the 
body  as  a  whole,  we  find  that  in  every  case  the  life  of  the  a^r^ate 
conusts  of  a  definite  cycle  of  changes  which,  after  passing  through  the 
stages  of  growth  and  maturity,  always  leads  to  senescence,  and 
finally  terminates  in  death.  The  only  exception  is  in  the  repro- 
ductive cells,  in  which  the  processes  of  maturation  and  fertilization 
result  in  rejuvenescence,  so  that  instead  of  the  usual  downward 
change  towurd  senescence,  the  fertilized  ovum  obtains  a  new  lease  of 
life,  which  is  carried  on  into  the  new-formed  organism.    The  latter 


'  Lonl  UMer  wu  tmUeat  at  Llvarpool  In  1896. 
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i^ain  itself  ultimatelj  fomia  reproductive  cells,  and  thus  the  life  of 
the  species  is  continued.  It  is  only  in  the  sense  of  its  propagation  in 
this  way  from  one  generation  to  another  that  we  cui  speak  of  the 
indefinite  continuance  of  life;  we  can  only  be  immortal  throu^  our 
deecendantel 

ATBBAGE  DVBATION  OF  LIFB  AND  POSSIBILITY  OF  ITS  PBOLONOATION. 

The  individuals  of  every  species  of  animal  appear  to  have  an  aver- 
age duration  of  existence.*  Some  species  are  blown  the  individuals 
of  which  live  only  for  a  few  hours,  whikt  others  survive  for  a  hundred 
years.'  In  man  himsdf  the  average  length  of  life  would  probably 
be  greater  than  the  three-score  and  ten  years  allotted  to  him  by  the 
Psalmist  if  we  could  eliminate  the  results  of  disease  and  accident; 
when  these  results  are  included  it  falls  far  short  of  &at  period.  If 
the  terms  of  Hfe  given  in  the  purely  mythological  part  of  the  Old 
Testament  were  credible,  man  would  in  the  early  stages  of  his  history 
have  possessed  a  remarkable  power  of  resisting  age  and  disease. 
But,  although  many  here  present  were  brought  up  to  believe  in  their 
Uteral  veracity,  such  records  are  no  longer  accepted  even  by  the 
most  orthodox  of  theologians,  and  the  nine  hundred  odd  years  with 
which  Adam  and  his  immediate  descendants  are  credited,  culmi- 
nating in  the  969  of  Methuselah,  have  been  relegated,  with  the 
account  of  Creation  and  the  Deluge,  to  their  proper  position  in  litr 
erature.  When  we  come  to  the  Hebrew  Patriarchs,  we  notice  a 
considerable  diminution  to  have  taken  place  in  what  the  insurance 
officers  term  the  "expectation  of  life."  Abraham  is  described  as 
having  lived  only  to  175  years,  Joseph  and  Joshua  to  110,  Moses  to 
120;  even  at  that  age  "his  eye  was  not  dim  nor  his  natural  force 
abated. "  We  can  not  say  that  under  ideal  conditions  all  these 
terms  are  impossible;  indeed,  Metchnikoff  is  disposed  to  r^ard  them 
as  probable;  for  great  ages  are  still  occasionally  recorded,  although 
it  is  doubtful  if  any  as  considerable  as  these  are  ever  substantiated. 
That  the  expectation  of  life  was  better  then  than  now  would  be  in- 
ferred from  the  apologetic  tone  adopted  by  Jacob  when  questioned 
by  Pharaoh  as  to  hia  age:  "The  days  of  the  years  of  my  pilgrimage 
are  an  hundred  and  thirty  years;  few  and  evil  have  the  days  of  the 
years  of  my  life  been,  and  have  not  attained  unto  the  days  of  the 
years  of  the  life  of  my  f  ath««  in  the  days  of  their  pilgrimage. "  David, 
to  whom,  before  the  advent  of  the  modem  staUstician,  we  owe  the 
idea  that  70  years  is  to  be  regarded  as  the  normal  period  of  life,* 

'  Tbb  wu  legordad  by  Buibu  aa  rtfaud  to  tba  period  ol  graiith,  but  tb*  jttSo  !•  cutalnlji  not  ooutant. 
Ttw  nil^ect  ii  diacuaaed  b;  Bay  Lauksnsi  In  an  nrl;  wnk.  On  Compuatlve  Longsvltr  In  Mkii  um]  AbI- 
mab,  ISTO. 

■  Tha  appnulmately  itgnlu  periods  ol  looEBTlty  ol  dtf  Mmt  Ipecln  of  emlmali  Inmlihn  a  itrang  aftn- 
mant  against  tbe  ttaRiiy  that  tta>  dtoay  ol  old  aje  la  an  aoddenlal  phanomanon,  compaiabl*  WlUi  ill  Wit 

'  TbeucpectatloD  ol  Ula  ol  a  bMltby  man  ol  SO  ti  itlU  ncbmbd  at  about  30  yean. 
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is  himself  metrely  stated  to  hare  "died  in  agood  old  age."  The 
periods  recorded  for  the  Kings  show  a  considerable  falling  oS  as 
compared  with  the  Patriarchs;  but  not  a  few  were  cut  off  by  violent 
deaths,  and  many  lived  lives  which  were  not  ideal.  Amoi^t  emi- 
nent Greeks  and  Romans  few  very  long  lives  are  recorded,  and  the 
same  is  true  of  historical  persons  in  medieval  and  modem  history. 
It  ia  a  long  life  that  lasts  much  beyond  80;  three  such  linked  together 
carry  us  far  back  into  history.  Mankind  is  in  this  respect  more 
favored  than  most  mammals,  although  a  few  of  these  surpass  the 
period  of  man's  existence.'  Strange  that  the  brevity  of  human  life 
should  be  a  favorite  theme  of  preacher  and  poet  when  the  actual 
term  of  his  "erring  pilgrimage"  is  greater  than  that  of  most  of  his 
fellow  creatures. 

TBE   END  OF  LIFE. 

The  modem  applications  of  the  principles  of  preventive  medicine 
and  hygiene  are  no  doubt  operating  to  lengthen  the  average  life. 
But  even  if  the  ravages  of  disease  could  be  altogether  eliminated, 
it  is  certain  that  at  any  rate  the  fixed  cells  of  our  body  must  even- 
tually grow  old  and  ultimately  cease  to  function;  when  this  happens 
to  ceils  which  are  essential  to  the  life  of  the  oiganism,  general  death 
must  result.  This  will  always  nonain  the  universal  law,  from-which 
there  is  no  escape.  "AH  that  lives  must  die,  passing  through  nature 
to  eternity." 

Such  natural  death  unaccelerated  by  disease — is  not  death  by 
disease  as  unnatural  as  death  by  accident! — should  be  a  quiet, 
painless  phenomenon,  unattended  by  violent  change.  As  Dastre 
expresses  it,  "The  need  of  death  should  appear  at  the  end  of  life, 
just  as  the  need  of  sleep  appears  at  the  end  of  the  day. "  The  change 
has  been  led  gradually  up  to  by  an  orderly  sucsession  of  phaste,  and 
ia  itself  the  last  manifeetation  of  life.  Were  we  aD  certain  of  a  quiet 
passing — were  we  sure  that  there  would  be  "no  moaning  of  the  bar 
when  we  go  out  to  sea" — we  could  anticipate  the  coming  of  death 
after  a  ripe  old  age  without  apprehen^on.  And  if  ever  the  time  shall 
arrive  when  man  will  have  learned  to  regard  this  change  as  a  simple 
physiological  process,  as  natural  as  the  oncoming  of  sleep,  the  ap- 
proach of  the  fatal  shears  will  be  as  generally  welcomed  as  it  is  now 
abhorred.  Such  a  day  is  still  distant;  we  can  hardly  say  that  its 
dawning  is  visible.  Let  us  at  least  hope  that,  in  the  manner  depicted 
by  Dilrer  in  his  well-known  etching,  the  sunshine  which  science  irra- 
diates may  eventually  put  to  flight  the  mdancholy  which  hovers, 
batlike,  over  the  termination  of  our  lives,  and  whicb  even  the  antici- 
pation of  a  future  happier  existence  has  not  hitherto  succeeded  in 
dispersing. 
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THE  ORIGIN  OP  LIFE;  A  CHEMISrS  FANTASY.* 


By  H.  E.  ABMSTKOira. 


"Behold,  the  beglmiii^  of  philoeoptiy  ia  the  obaervktion  of  how  men  contradict 
well  other  and  tha  seaich  whence  cometh  this  contndictioa  and  tlis  censure  and 
mutruft  of  bare  opinion.  And  it  ii  an  inqniry  into  that  which  Bsems,  whether  it 
rightly  ■eeina;  and  the  ducovery  of  a  certain  rule,  even  m  we  have  fonnd  a  balance 
for  wights  and  a  phimb-line  for  Bbaight  and  crooked,  ^lia  is  the  beginning  lA  • 
philosophy.'  '—Epictitus  . 

The  presidential  addreea  delivered  recently  to  the  British  Asaocia- 
tioD  at  Dundee  by  Prof.  Sch&fer  and  the  subsequent  independent 
discussion,  at  a  joint  sitting  of  the  physiological  and  zoolt^cal 
sections  of  the  Association,  of  the  subject  considered  in  the  pr^dent's 
discourse  will  at  least  have  served  as  a  corrective  to  the  wave  of 
vitalism  tliat  has  passed  over  society  of  late  years,  owing  to  the 
pervasive  eloquence  of  Bergson  and  other  writers  who  have  elected 
to  discuss  the  problems  of  life,  mainly  from  the  metaphysical  and 
psycholc^ical  points  of  view,  with  little  reference  to  the  knowledge 
gained  by  experimental  inquiry. 

As  Prof.  Schafer  himself  remarked,  the  problem  of  the  origin  of  life 
k  at  root  a  chemical  problem.  It  is  somewhat  surprising,  therefore, 
that  the  chemists  were  not  invited  to  join  in  the  debate  at  Dundee. 
Judging  from  the  remarks  that  fell  from  several  of  the  speakers, 
their  sobering  presence  was  by  no  means  unnecessary.  It  is  clear 
that,  so  lot^  as  blologbts  are  satisfied  with  the  modicum  of  chemistiy 
which  ia  now  held  to  serve  their  purpose,  they  will  never  be  able  to 
escape  from  tiie  region  of  vague  surmise. 

On  the  Tuesday  Prof.  Macatlum  fancifully  pictured  the  earth  as  at 
one  time  "  a  g^antic  laboratory  where  there  had  been  a  play  of  tre- 
mendous forces,  notably  electricity,  which  might  have  produced 
millions  of  times  organisms  that  survived  but  a  few  hours,  but  in 
which  also,  by  a  favorable  conjunction  of  those  forces,  what  we  now 
call  life  m^t  have  come  into  existence."  I  think  I  heard  him  then 
refer  to  the  great  storea  of  oil  we  now  possess  and  imply  that  they 

DaPnicnailntbaTw<nUBtliC«ilniy,Ko.3a,OatDtMi,»U:    Lgn- 
627 

n„t,zc-ct.G00gIc 


528  ANNUAL  BEPOBT  SMITHSONIAN  INSTITUTION,   lftl2. 

came  into  existence  in  those  times.  Chemiets  and  geologists  would 
be  in  agreement,  I  beUeve,  that  these  oils  were  formed  at  a  somewhat 
late  geolc^cal  epoch  and  that  they  are  derived  from  fatty  mateiials 
laid  down  as  remains  of  oi^anisms. 

Prof.  Beojamin  Moore,  brimming  over  with  biotic  enei^,  after- 
wards told  us  that  "something  more  than  structure  was  necessary  for 
life."  He  preferred  a  dynamic  view  which  embraced  enei^,  motion, 
and  chai^ ;  *  *  *  all  the  actions  of  the  cell  were  concerned  with 
the  liberation  of  enei^  and  its  transformation  into  many  forms. 
For  the  origin  of  life  *  *  *  it  was  necessary  to  start  with  the 
formation  of  oigaoic  bodies.  The  colloids,  which  were  lai^e  aggre- 
gates of  molecules,  began  to  show  the  properties  of  dawning  life,  but 
it  was  needful  also  to  get  an  enogy  transformer  attached  to  the 
colloid.  He  also  insisted  that  "the  problem  was  metaphysical  at  the 
present  moment,  as  through  all  the  ^es  the  process  of  life  was  going 
on.  As  soon  as  the  colloids  got  under  the  influence  of  sunlight  they 
started  syntheeiziag  organic  bodies.  That  process  was  going  on 
now." 

In  maldng  such  statements  Prof.  Moore  allowed  his  imagination  to 
run  away  with  him;  his  assertions  can  not  be  justified.  Vague, 
sweeping  generalities  are  out  of  place  in  such  a  discussion.  Unless 
the  steps  ba  made  clear,  there  can  be  no  logic  in  the  ailment. 

No  doubt  something  more  than  structure  is  necessary  for  life. 
Nevertheless  life  is  dependent  on  structure — ^just  as  is  the  activity  of 
the  steam  engine.  The  steam  engine  is  essentially  a  dynamic  machine; 
it  lives  only  when  fuel  is  burnt  under  its  boiler,  but  the  energy 
liberated  in  combustion  is  brought  into  action  through  the  agency  of 
a  complex  mechanism.  And  it  is  worth  noting  that  by  a  slight 
extension  of  this  mechanism  the  engine  may  be  made  to ' '  remember, " 
and  even  talk.  Thus,  if  it  be  caused  to  draw  a  steel  tape  across  the 
magnetic  pole  of  a  tdephone  while  the  drum  of  the  instrument  is  being 
talked  at,  ihe  message  is  taken  down  by  the  tape;  if  the  tape  be  then 
drawn  back  in  the  reverse  direction,  the  drum  of  the  telephone  will 
speak  and  deliver  the  message  remembered  in  the  tape.  Surely  such 
an  analogy  with  life  is  worth  considering.  Of  course  it  will  be  said 
that  the  engine  is  fashioned  by  an  intelligence  external  to  itself  and 
if  we  suppose  that  life  may  have  been  self-constituted,  to  obtain  a 
hearii^  we  must  discover  the  means  of  self-constitution. 

Sir  William  Tilden,  in  a  letter  to  The  Times  (Sept.  10,  1912),  after 
referring  to  the  various  raw  materials  available  on  the  earth,  remarks: 
I  venture  to  thmk  that  no  chemist  will  be  prepared  to  euggert  a  proceee  by  which, 
from  the  mteraction  of  such  materials,  anything  approaching  a  mibstance  of  the  natute 
ol  a  proteid  could  be  formed  or,  it  by  a  complex  eeriee  of  changes  a  compound  ol  this 
kind  were  conceivably  produced,  that  it  would  present  the  chuactere  of  livii^  proto- 
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He  appears  to  deprecate  discussion  of  the  problem,  judging  from 
file  concluding  sent^ce  of  his  letter: 

Fu  be  it  from  any  man  of  sdence  to  offinn  that  any  giTen  set  of  phenomena  ie  not 
ft  fit  ntb  ject  ol  inquiry  and  that  thera  is  any  limit  to  what  may  be  revealed  in  ansirer 
to  systematic  and  wetl-directed  invaetigBtion.  In  the  pieeent  inatance,  howevw,  it 
appears  to  me  that  this  is  not  a  field  for  the  chemist  lun  one  in  which  chemistry  it 
likely  to  aSord  any  assistance  whatever. 

I  agree  with  Sir  William  Tilden  that  Prof.  Schafer's  address  "leavea 
us  exactly  where  we  were"  and  that  the  "earlier  part  of  the  discourse 
leaves  open  the  question  as  to  a  criterion  by  which  livii^  may  be 
distinguished  from  noiUiving  matter."  But  I  can  not  accept  his 
statement  that  "we  have  at  present,  therefore,  no  clear  idea  as  to 
what  life  is,  and  therefore  no  clear  road  open  to  the  study  of  the  con- 
ditions under  which  it  originated." 

Like  Prof.  Sch&fer,  I  do  not  find  myself  in  the  least  helped  by  the 
idea  that  life  has  originated  elsewhere;  by  adopting  such  a  con- 
clusion we  only  shift  the  difficulty  a  stage  farther  back.  I  i^ee,  too, 
with  Prof.  Miochiu  in  thinlpng  tiiat  if  life  had  reached  us  from  other 
worlds  it  woidd  have  found  our  earth  unprepared  to  receive  it  and 
would  have  been  starved  out  of  existence;  this  question  of  food 
supply  li&s  Qot  been  taken  into  consideration  by  the  advocates  of  the 
hypothesis.  If  there  be  life  elsewhere,  on  other  worlds  than  outs, 
the  probabihty  is  that  it  more  or  less  resembles  life  as  we  know  it. 
To  judge  from  spectroscopic  evidence,  the  materials  of  which  our 
world  consists  are  those  which  constitute  the  cosmos.  There  is  but 
one  element  in  which  the  potency  of  life  can  be  said  to  exist — the 
element  carbon;  the  complexities  and  variations  which  are  met  with 
in  animate  material  are  only  possible  apparently  in  a  material  of 
which  carbon  ia  the  essential  constituent.  Carbon  stands  alone 
among  the  elements.  It  is  the  only  one  known  to  us  whose  atoms 
hang  together  in  lat^e  numbers  and  can  be  arranged  in  a  great 
variety  of  patterns.  The  peculiarities  of  animate  matter  may  cer- 
tainly be  said  to  be  in  large  measure  determined  by  the  presence  of 
carbon,  thoi^h  nitn^en  and  oxygen,  of  course,  play  an  all-important 
part.  Our  [>eculiarities  may  well  prove  to  be  traceable  ultimately  to 
those  of  the  elements  of  which  we  are  built — indeed  it  can  not  well 
be  otherwise — ^yet  the  difference  must  be  vast  between  elementary 
material  aud  living  material.  It  is  waste  of  time,  I  believe,  to  pay 
much  attention  to  the  ailment  from  analogy;  indeed  I  feel  ^at 
Prof.  Schfifer  rdied  too  much  on  anal(^  in  the  earlier  part  of  hia 
address. 

As  Dr.  Haldane  points  out,  "Living  organisms  are  distinguished 
from  everything  else  that  we  at  present  know  by  the  fact  that  they 
maintain  and  reproduce  themselves  with  their  characteristic  struc- 
ture and  activities.    Nothing  resembling  this  phenomenon  is  at 
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present  known  to  us  in  the  inorganic  world."  I  do  not  understand, 
however,  why  he  goes  on  to  aay,  "  and  if,  as  we  may  confidently  hope, 
similar  phenomena  are  ultimately  found  in  what  we  at  present  call 
the  inorganic  world,  our  present  conception  of  that  world  as  a  mere 
world  of  matter  would  be  completely  altered."  Of  course  it  would, 
but  the  eventuality  is  one  that  I,  as  a  chemist,  can  not  contemplate 
as  possible;  far  from  having  confident  hope,  I  believe  such  discovery 
to  be  out  of  the  question. 

Prof.  Sch&fer  aays  the  contention  is  falla^aous  that  growth  acd 
reproduction  are  properties  possessed  onty  by  living  bodies  and  refers 
to  the  growth  of  crystals;  but  in  this  and  not  a  few  other  cases,  as  I 
have  said,  he  carries  the  ailment  from  analogy  too  far.  The  growth 
of  crystals  is  a  process  of  mere  apposition  of  like  simple  units,  which 
become  assembled,  time  after  time,  in  similar  fashion  like  so  many 
bricks;  and  there  is  no  limit  to  crystal  growth.  Given  proper  con- 
ditions, large  crystals  incfvitably  increase  at  the  expense  of  the  smaller 
similar  crystals  present  along  with  them  in  a  solution;  hence  it  is  that 
occasionally  in  nature,  crystals  are  met  with  of  huge  size.  The 
multipHcation  of  similar  crystals  is  the  consequence  of  the  presence 
of  a  multiplicity  of  nuclei  in  a  solution;  nothing  corresponding  to 
cell  division  is  ever  observed  in  cases  of  inorganic  growth-  Organic 
growth  is  clearly  a  process  of  extreme  complexity,  one  that  involves 
the  association  by  a  variety  of  operations  of  a  whole  series  of  diverse 
units. 

It  is  impossible  to  regard  demonstrations  such  as  Leduc  has  given 
with  silica  and  other  simple  coUoide  as  in  any  way  comparable  with 
the  phenomena  of  oi^anic  growth. 

Moreover,  Loeb's  experiments  are  wrongly  quoted  by  Schifer  as 
instances  of  sexual  reproduction.  What  Loeb  has  done  has  been  to 
show  that  the  life  cycle  may  be  started  afresh  by  the  introduction  of 
an  excitant  into  the  ovum  and  has  thereby  shown  that  the  process 
of  fertilization  by  the  spermatozoon  is  one  in  which  at  least  two 
events  are  scored,  the  one  being  the  incorporation  of  male  elements 
with  female  elements,  whereby  biparental  inheritance  is  secured,  the 
other  the  introduction  of  an  excitant  (hormone)  which  conditions 
the  renewal  of  the  vital  cycle  of  the  oi^anism;  but  the  development 
is  that  of  an  incomplete  beuig  whose  somatic  cells  lack  half  the  normal 
number  of  chromosomes. 

Three  years  ago,  in  my  address  to  Section  B  of  the  British  Associa- 
tion at  Winnipeg,  I  had  the  temerity  to  do  what  Sir  William  Tilden 
says  no  chemist  will  be  prepared  to  do,  as  witness  the  following 


The  general  similarity  of  etructure  throt^hout  organized  creation  may  veil  be 

coud  itioned  primarily  by  propertiea  inherent  in  the  ma terialfl  of  which  all  living  things 
are  composed — of  carbon,  of  oxygen,  of  nitrogen,  of  hydrt^n,  of  pho«phoruH,  of  aul> 
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phtir.  At  Bome  early  period,  however,  tlte  poaaibilltieB  became  limited  aad  directed 
processes  became  tlie  order  of  the  day.  Fram  that  time  onward  the  chemistry  pre- 
vadllng  in  organic  nature  became  a  far  simpler  chemistry  than  that  of  the  laboratory; 
the  poasibilitiee  were  dimiciahed,  the  certainties  of  a  definite  line  of  action  were 
increased.  How  this  came  about  it  iaimpcesable  to  eay;  mere  accident  may  have  led 
to  it.  Thua  we  may  assume  that  some  relatively  simple  asymmetric  substance  was 
produced  by  the  fortuitous  eccunwce  of  a  change  under  condltione  such  as  obtain 
in  our  laboratories  and  that  consequently  the  BDantiomor]Aous  isomeric  forms  of  equal 
opposite  activity  wwe  produced  in  equal  amount.  We  may  suppose  that  a  pool 
containing  such  niaterial  having  been  dried  up  dust  of  molecular  finecesB  waa  dis- 
persed; such  dust  falling  into  other  similar  pools  near  the  crystallization  point  may 
well  have  conditioned  the  separation  of  only  one  of  the  two  isomeric  forms  present  in 
the  liquid.  Aseparationhavingbeenonceeffectedin  this  maimer,  assuming  the  sub- 
stance to  be  one  which  could  influence  ita  own  formation,  one  fonn  rather  than  the  other 
might  have  been  produced.  An  active  aubatAnce  thus  generated  and  aelected  out 
might  then  become  the  origin  of  a  seriea  of  asymmetric  syntheses.  How  the  compli- 
cated series  of  dianges  which  constitute  life  may  have  arisen  we  can  not  even  guess 
at  present;  but  when  we  contemplate  the  inherent  simplicity  of  chemical  change 
and  bear  in  mind  that  life  seems  but  to  depend  on  the  simultaneouB  occurrence  of  a 
series  of  changes  of  a  somewhat  diverse  order,  it  does  not  appear  to  be  beyond  the 
bounds  of  possibility  to  arrive  at  a  broad  understanding  of  the  method  oC  life.  Nor 
are  we  likely  to  be  misled  into  thinking  that  we  can  so  arrange  the  conditions  as  to 
control  and  reproduce  it;  the  series  of  lucky  accidents  which  seem  to  be  required 
for  aneogements  of  mich  complexity  to  be  entered  upon  is  so  infinitely  great. 

It  is  permissible  now,  perhaps,  to  enter  some^at  more  at  length 
into  an  explanation  of  the  changes  contemplated  in  this  passage. 

Growth  most  certainly  proceeds  on  determined  lines — "directive 
influences  are  the  paramount  influences  at  work  in  building  up  living 
tissues"  (Winnipeg  address).  What  Prof.  Soh&fer  haa  not  pointed 
out,  in  contrasting  the  growth  of  inorganic  and  of  animal  matter,  is 
that  nature  now  works  on  very  narrow  lines,  making  use  of  but  little 
of  the  wealth  of  material  primarily  at  her  disposal.  Selective  influ- 
ences must  have  been  at  woik  from  the  earliest  stages  of  the  evolu- 
tion of  life  onward.  It  is  in  this  respect,  perhaps,  more  than  any  other 
that  the  inorganic  differs  so  greatly  from  the  organic;  it  is  this  cir- 
cumstance, too,  more  than  any  other  which  makes  it  so  improbable 
that  life  should  arise  frequently  de  novo  from  simple  materials  not 
themselves  the  products  of  vital  action. 

To  give  an  example,  the  hexose,  glucose — a  constituent  of  every 
plant  and  animal — ia  one  of  16  isomeric  compounds,  all  represented 
by  the  formula 

CH^OH).  0H(OH).  CH(OH).  CH{OH).  CH(OH).  COH. 

Of  these  16  compounds,  14  have  actually  been  prepared  in  the  labo- 
ratory, and  they  differ  considerably  in  properties.  The  differences 
are  due  to  the  different  distribution  in  space  of  t^e  H  and  OH  groups 
relatively  to  the  carbon  atoms.  The  16  compounds  form  8  pairs,  and 
as  the  individual  members  of  each  pair  have  the  power  of  rotating 
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polarized  li^t  in  oppoaito  direotions,  though  to  an  equal  extent,  th^ 
may  be  said  to  be  half  ri^t-hand  and  half  left-hand  material. 

Two  other  hexose  sugars  isomeric  with  glucose  occur  naturally — 
galactose  and  mannose;  but  the  three  compounds  all  belong  to  the 
one  Beries  and  all  may  be  said  to  be  right-hand  material. 

Besides  these  three  hezose  sugars,  plants  also  oontaJn  tlie  ketoee, 

fructose,  which  is  isomeric  with  glucose  and  differs  from  it  only  in 

containing  the  CO  group  as  the  second  instead  of  as  the  tenrdnal 

member  in  the  chain  of  radicles  composing  the  molecule: 

CHj(OH).  CH(OH).  CH(OH).  CH(OH).  CO.  CHj.  OH. 

Fructose  is  convertible  into  glucose,  and  vice  versa.  Natural  fructose 
and  glucose  are  both  right-hand  material.  Nature  apparently  is 
single  handed  and  can  make  and  wear  only  right-hand  gloves. 

It  is  possible  to  prepare  such  compounda  in  the  laboratory  from 
the  simplest  materials,  starting  from  carbonio  acid — CO{OH)j — tiie 
compound  from  which  the  plant  derives  carbon. .  By  reduction  this 
is  first  converted  into  formaldehyde,  CO!^.  When  digested  witii 
weak  alkali,  this  aldehyde  is  in  part  converted  into  fruotoee;  the 
fructose  that  is  formed,  however,  is  not  merely  the  form  which  is 
found  in  plants  but  a  mixture  of  this  with  an  equal  proportion  of 
the  left-htmd  form.  When  the  chemist  makes  gloves,  be  usually  can 
not  help  making  them  in  pairs  for  both  hands. 

Some  directive  influence  is  clearly  at  work  in  the  plant — the  for- 
maldehyde molecules,  which  it  undoubtedly  makes  use  of  as  primary 
building  material,  in  some  way  become  so  arranged  that  when  they 
interact  they  give  only  the  right-hand  form  of  sugar.  There  is  reason 
to  think,  moreover,  that  the  action  takes  place  only  in  this  one  direc- 
tion— that  the  sugar  is  the  only  product.  My  own  belief  is  that  the 
synthesis  is  effected  against  a  sugar  template '  just  as  a  brick  arch 
is  built  upon  a  wooden  template  curved  as  the  arch  is  to  be  curved. 

A  similar  ai^ument  is  applicable  to  the  albuminoid  or  protein  mat- 
ters derived  from  animal  and  vegetable  materials;  in  fact,  to  nearly 
all  the  natural  optically  active  substances;  these  are  all  formed  under 
directive  influences.  It  is  not  improbable  that,  excepting  a  few  which 
presumably  are  products  of  retrograde  changes,  they  are  all  of  one 
type — right-hand  material — and  apparently  they  stand  in  close  genetic 
connection. 

Frof.  Min(;hin  has  difficulty,  he  says,  in  understaoding  how  the 
complex  proteins  could  have  arisen  in  nature.  But  the  difficulty  in 
accounting  for  these  ia  no  greater  than  that  involved  in  accounting 
for  the  formation  of  the  sugars.  The  chief  difference  between  the 
two  classes  of  compound  is  that  whereas  the  sugars  are  composed  of 
like  simple  Tmitai  the  albuminoids  consist  of  milike  simple  units, 
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chiefly  the  various  amino-acids.  The  carbohydrate  may  be  com- 
pared with  a  house  buUt  of  briclES  alone,  the  albmninoids  with  a  bouse 
built  partly  of  bricks  and  partly  of  stone  slabs  of  vaiious  shapes  and 
sizesj  the  latter  form  of  construction  permits  of  a  greater  vaiiety  of 
pattern  but  the  same  building  operations  are  inTolved  in  the  iise  of 
the  two  binds  of  material;  thoxigh  the  constructive  units  are  differ- 
ent, in  both  cases,  the  pieces  are  placed  in  position  and  fixed  by  means 
of  mortar  in  a  similar  way. 

The  directive  influences  at  work  and  which  preside  over  synthetic 
operations  in  the  plant  and  animal  cell  are  undoubtedly  the  enzymes; 
these  apparently  serve  as  templates  and  either  promote  synthesis  by 
dehydration  or  the  revise  change  of  hydrolysis,  according  as  the 
degree  of  concentration  is  varied. 

But  how,  it  will  be  asked,  could  action  have  taken  place  in  times 
prior  to  the  existence  of  enzymes  I  What  are  eneymes,  and  bow  did 
they  arisen 

The  activity  of  enzymes  is  comparable  with  that  of  adds  and 
alkalies,  the  former  especially,  with  the  exception  that  enzymes  act 
selectively;  but  whereas  acids  will  hydrolyze  every  kind  of  ethereal 
compound  and  bxb  active  in  proportion  to  their  strength  and  the 
concentration  of  the  solution  in  which  they  are  opwative,  enzymes 
will  act  only  on  particular  compounds;  hence  their  special  value  as 
"vital"  agents.  And  the  same  distinction  is  to  be  made  with 
respect  to  the  synthetic  activity  of  the  two  groups  of  agents. 

At  present  our  knowledge  of  enzymes  ia  vague;  we  know  Uttle  of 
their  structure.  At  most  we  can  assert  that  they  are  colloid  mate- 
rials and  that  in  some  way  or  other  they  are  adaptable  to  the  com- 
poimds  upon  which  thtsy  act.  The  picture  I  form  of  an  enzyme  is 
that  of  a  minute  droplet  of  jelly  to  which  is  attached  a  protuberance 
very  closely  resembling  if  not  identical  with  the  group  to  which  the 
enzyme  can  be  affixed.  A  geometer  caterpillar  attached  by  its  hind 
l^s  to  a  twig,  with  body  raised  so  as  to  bring  the  mouth  against  a 
leaf  on  the  twig,  affords  a  rough  analogy,  to  my  thinking,  of  ihe 
system  within  which,  and  within  which  alone,  an  enzyme  is  active. 

In  the  beginning  of  things,  carbonic  acid  was  doubtless  superabun- 
dant and  reducing  agents  were  not  far  to  seek;  imder  such  conditions 
formaldehyde  may  well  have  been  an  abundant  natural  product. 
The  production  of  fructose  sugar,  if  not  of  glucose,  would  be  prac- 
tically a  necessary  sequence  to  that  of  formaldehyde. 

But  at  this  early  stage,  imder  natural  conditions,  gloves  were 
always  made  in  pairs,  left-hand  and  right-hand  In  equal  numbers; 
by  chance,  somewhere,  something  happened  by  which  the  balance 
was  disturbed;  some  of  the  left-hand  gloves  were  destroyed,  perhaps. 

It  is  well  known  that  if  a  crystalbe  placed  In  a  saturated  solution 
of  its  own  substance,  the  surface  molecules  will  attract  like  molecules 
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from  the  solution  and  the  cryBtal  will  grow.  It  is  not  unlikely  that 
a  substance  may  exercise  attrbction  over  molecules  which  are  its  own 
proximate  constituents — that  glucose,  for  example,  may  exercise  a 
preferential  attraction  over  molecules  of  formiJdebyde;  if  such  be 
the  case,  glucose  may  itself  serve  to  influence  and  promote  the  forma- 
tion of  glucose  from  formaldehyde. 

Granting  such  a  possibility,  if  by  some  accident  right-hand  mole- 
cTiles  preponderated  in  a  solution  in  which  the  conditions  were  favor- 
able to  the  synthesis  of  new  moleculca,  the  influence  of  pattern  would 
prevail  and  a  larger  proportion  of  right-hand  material  would  be 
formed.  In  course  of  time  the  left-hand  material  would  die  out  and 
only  right-hand  material  would  be  present — as  in  the  world  toKlay. 
The  ai^ument  is  applicable  to  compounds  generally. 

Even  the  formation  of  enzymes  may  be  accounted  for.  Under  the 
influrace  of  acid  or  alkaU,  colloid  particles  may  well  have  .entered 
into  association  with  this  or  that  group.  But  when  once  formed 
fortuitously  enzymes  probably  would  become  the  models  or  templates 
upon  which  new  molecules  would  be  formed,  much  after  the  maimer 
of  the  dressmaker'B  model  upon  which  the  dress  bodice  is  fashioned.' 

But  it  will  be  said,  "Granted  even  that  simple  substances  can 
be  formed  in  such  ways,  surely  it  is  impossible  to  account  for  the 
production  of  protoplasm."  No  doubt,  this  is  difficult,  especially 
as  the  thing  we  are  asked  to  account  for  can  not  be  defined.  I  am 
tempted  here  again  to  quote  Epictetus: 

Whence  tlien  eball  we  make  a  bcginmng?  If  you  will  consider  thia  with  me,  I 
shall  ny  first  that  you  must  attend  to  the  Bense  of  words. 

So  I  do  not  now  understand  th«m7 

You  do  not. 

Bow  dien  do  I  use  them? 

Aa  the  unlettered  use  written  words  or  as  cattle  use  appeoreocee;  for  the  use  is 
one  thing  and  undemanding  another.  But  if  you  think  you  understand,  then  take 
my  word  yon  will  and  let  us  try  ourselves  whether  we  undetatand  it. 

The  word  "protoplasm"  means  so  llttie  to  most  people,  so  much 
to  a  few.  It  is  the  convenient  cloak  of  an  appalling  amount  of 
ignorance — perhaps  the  scientific  equivalent  of  the  "Don't  fidget, 
diild,"  addressed  to  the  too  inquiring  youngster  or  the  biological 
paraphrase  of  the  older  chemist's  catalytic  action. 

Is  protoplasm  one  or  many  things!  A  medium  or  a  substance. 
In  saying  that,  "Living  substance  or  protoplasm  takes  the  form  of  a 
colloidal  solution.  In  this  solution  the  colloids  are  associated  with 
crystalloids  which  are  either  free  in  the  solution  or  attached  to  the 
molecules  of  the  colloids,"  Prof.  Sch&fer  scarcely  helps  us  to  a  defi- 
nition. Nor  are  his  later  suggestions  much  more  helpful.  Speak- 
ing of  the  differential  septum  by  which  living  substance  is  usually 
surrounded,  he  says,  "This  film  serves  the  purpose  of  an  osmotic 
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membrane,  permitting  of  exchangeB  by  division  between  the  colloid 
solution  constituting  the  protoplasm  and  the  circumambient  me- 
dium in  which  it  lives.  Other  siiiular  films  or  membranes  occur  in 
tiie  interior  of  protoplasm." 

One  thing  only  is  certain — that  protoplasm  can  not  be  a  solution 
or  anything  approaching  to  a  solution  in  character;  diverse  struc- 
ture it  must  have,  structure  of  infinite  delicacy  and  complexity. 

Judging  from  his  reference  to  the  simplicity  of  nuclear  material, 
it  would  seem  that  Frof.  Sch&fer  is  prepared  to  regard  protoplasm 
as  by  no  means  very  complex.  But  it  Is  inconceivable  that  the 
germ  plasm,  carrying  within  itself  as  it  apparently  does  all  the  form- 
ative elements  of  the  complete  organism,  should  be  simple  in  struc- 
ture. It  must  contain  a  complete  series  of  interconnected  templates 
from  which  growth  can  proceed.  I  have  elsewhere  stated  that  pro- 
toplasm may  be  pictured  as  made  up  of  a  large  number  of  ciirls,  Uke 
a  judge's  wig,  all  in  communication  through  some  center,  connected 
here  and  there  perhaps  also  by  lateral  bonds  of  union.  If  such  a 
point  of  view  be  accepted,  it  is  possible  to  account  for  the  occui^ 
Fence,  in  some  sections,  of  the  complex  interchanges  which  involve 
work  being  done  upon  the  substances  there  brought  into  interaction, 
the  necessary  energy  being  drawn  from  some  other  part  of  the  com- 
plex where  the  interchanges  involve  a  development  of  energy. 
(Winnipeg  address.) 

My  metaphorical  wig  as  a  whole  may  be  taken  as  representing  the 
racial  type— the  curk  as  corresponding  to  separate  characters, 

I  can  imagine  so  complex  a  structure  being  formed  by  a  series  of 
fortuitous  accidents  in  course  of  time,  but  taking  into  account  the 
extraordinary  fixity  of  natural  types,  so  well  expressed  in  Tennyson's 
lines — 

So  careful  of  the  type  she  seems, 
So  careless  of  tbe  single  life, 

it  seems  to  me  Improbable  that  a  like  series  of  accidents  should 
recur.  It  is  on  grounds  such  as  these  that  I  can  not  accord  my' 
sympathy  to  statements  such  as  Dr.  Bastian  has  made  and  that 
I  can  not  accept  the  su^estion  put  forward  by  Prof.  Schafer  that 
life  conceivably  is  arising  de  novo  at  the  present  day,  let  alone  that 
it  is  the  easy  process  suggested  so  light-heartedly  by  Prof.  Moore. 
Where  are  the  materials  ?    Can  we  say  that  they  exist  anywhere  ? 

It  is  useless  for  biologists  to  live  in  a  higher  empyrean  of  their  own 
and  to  disregard  the  minuter  details  which  chemical  study  alone  can 
unravel;  they  will  never  be  able  to  solve  the  complex  problems  of 
hfe  or  even  to  grasp  their  significance  unless  they  pay  more  atten- 
tion to  the  ways  in  which  building  stones  are  shaped  and  mortar 
made  and  in  which  edifices  are  gradually  reared  from  such  materials. 
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I  have  no  deaire  to  take  exception  to  the  general  trend  of  Prof. 
Sch&fer's  address,  but  I  can  not  help  thinking  that  he  altogether 
underrates  the  complexity  of  vital  chemical  processes;  while  believ- 
ing that,  as  he  sayB,  "we  may  fairly  conclude  that  all  changes  in 
living  substance  are  brought  about  by  ordinary  chemicfd  and  phy- 
sical forces"  and  that  "at  the  beat,  vitalism  e3:plains  nothing,"  I  am 
in  no  way  prepared  to  underrate  the  difficulties  before  us  in  finHit>g 
satisfactory  explanations  of  iha  origin  of  life. 

I  see  no  reason  to  suppose  that  life  may  be  originating  de  -nooo  at 
the  present  time  nor  do  I  believe  that  we  shall  ever  succeed  in  eSect- 
iog  Uie  synthesis  of  living  matter. 

With  regard  to  Prof.  Moore's  statement  that  all  the  actions  of  the 
cell  are  concerned  with  the  Uberation  of  energy  and  its  transformation 
into  many  forms,  there  is  nothing  to  show  that  the  forms  of  energy 
that  are  operative  during  life  are  in  any  way  peculiar.  Energy  is 
inherent  in  matter;  apparently  its  primary  form  is  that  known  to  us 
as  electrical  energy;  and  inasmuch  as  Faraday's  dictum  that  chemi- 
cal affinity  and  electricity  are  forms  of  the  same  power  is  incontro- 
vertible, moreover  as  electricity  in  its  passage  through  matter  is 
frittered  down  into  heat,  the  mechanical  effects  associated  with  life 
are  easily  accounted  for.  As  to  the  origin  of  consciousness  and  of 
psychical  phenomena  generally  we  know  nothing;  at  most  we  can 
assert  that  we  are  conscious  of  consciousness.  The  effects  of  con- 
sciousness may  well  be  the  outcome  of  simple  mechanical  displace- 
ments of  molecules  such  as  take  place  in  the  steel  tape  previously 
referred  to  in  its  passage  across  a  magnetic  field  varying  in  intensity. 
If  nervous  impubes  are  conveyed  not  along  continuous  tracts  but 
through  the  ^;ency  of  interdigitating  fibers,  a  mere  alteration  in  the 
lengths  of  these  fibers  would  condition  a  variation  of  the  impulse; 
the  actual  conductivity  of  a  continuous  fiber  would  vary  also  if 
chemical  changes  were  to  take  place  within  ite  substance.  It  is  easy 
to  see  how  chemical  changes  occurring  within  a  nerve  or  muscle  cell 
would  involve  an  alteration  in  the  osmotic  state,  which  would  neces- 
sarily he  followed  by  the  influx  or  efflux  of  water  according  as  the 
alteration  involved  an  increase  or  diminution  of  the  number  of  mole- 
cules in  solution.  Oscillatory  hydraulic  changes  of  this  type  may 
well  be  at  the  bottom  of  both  nervous  and  muscular  activity  in  the 
organism ;  in  fact,  there  is  every  reason  to  believe  that  we  are  but 
hydraulic  engines. 

According  to  Prof.  Mooro,  the  colloid  shows  the  properttes  of  dawn- 
ing life;  whatever  this  may  mean,  I  understand  him  to  say  that  to 
make  it  live  it  is  necessary  to  get  an  energy  transformer  attached 
to  it.  It  is  surprising  how  little  life  there  is  in  those  who  live,  how 
slowly  lessons  are  learnt.  The  conditions  which  determine  the 
tran^rmations  of  energy  were  laid  down  generations  ago  by  Para- 
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day,  but  are  diaregarded  to  the  present  day.  There  is  little  that  is 
mysterious  about  them;  all  that  is  requked  is  a  proper  arrangement 
of  parts.  To  give  an  example,  a  lump  of  zinc  in  diluted  sulphuric 
acid  constitutes  a  binary  system  brimful  of  latent  eaeigy — of  eaei^ 
awaiting  transformation  but  untnmsformable  so  long  as  tho  system 
remains  binary.  On  coupUng  the  conjoined  metal  and  acid  by  means 
of  a  relatively  electron^^tire  conductor,  however,  interaction  at 
once  sets  in,  the  metal  attacks  the  acid  and  the  acid  the  metal  and 
enea^  is  set  free — primarily  as  electricity,  secondarily  as  heat. 
Kothhig  can  atop  the  transformation  if  the  ternary  system  be  consti- 
tuted. Apparently  no  special  enei^  transformer  is  required,  but 
merely  a  proper  arrangement  of  parts.  Given  the  proper  arrangement, 
action  is  bound  to  take  place,  {tfovided  always  that  the  system  be 
one  in  which  there  is  an  overplus  of  eneigy. 

And  here  comes  the  rub.  In  the  case  of  organisms,  not  a  few 
<diange3  take  place  which  can  only  occur  if  enetgy  be  supplied.  The 
assimilation  of  carbon  by  plants-is  a  case  in  point.  Ordinarily  this  is 
effected  through  tKe  agency  of  sunlight;  but  it  is  dear  that  in  some 
cases,  as  in  the  fermentation  of  sugar,  for  example,  eneigy  set  free 
in  a  dumge  taking  place  in  one  part  of  a  complex  molecule  may  serve 
to  make  up  a  defieiencr  preventing  the  spontaneous  occurrence  of  a 
diange  of  the  reverse  onler  in  another  part  of  the  molecule.  It  is  an 
important  office  of  the  protoplasmic  complex  apparently  to  "n^oti- 
ate"  such  exchange  or  traneference  of  energy. 

With  reference  to  Dr.  Haldane's  statement  that  we  can  not  express 
the  observed  facts  by  means  of  physical  and  chemical  conceptions  but 
must  have  recourse  to  the  conception  of  organic  unity,  I  am  at  a  loss 
in  the  first  place  to  undeistand  what  this  conception  b,  if  it  be  in- 
consistent with  chemical  conceptions.  I  am  afraid  the  vague  in- 
determinate phases  of  the  philosopher  make  little  appeal  to  the  hard 
heart  of  the  fact  worshipper.  My  position  is  that  while  we  do  not 
attempt  to  account  for  that  we  do  not  understand  or  can  noit  express 
clearly,  all  that  we  do  understand  is  well  within  our  compass  to  ex- 
plain ;  moreover  that  our  power  of  understanding  is  growing  every  day. 

I  do  not  see  how  Prof.  Schtlfer  and  those  of  us  who  are  wi^  him 
can  be  said  to  have  ignored  the  actual  fact  of  the  maintenance  in 
"organic  unity"  of  the  numerous  physical  and  chemical  processes 
which  we  can  distinguish  within  the  living  body.  It  is  far  from 
being  the  fact  tJiiat  "The  more  detailed  and  exact  our  knowledge 
has  become  of  the  marvelous  intricacies  of  structure  and  function 
within  the  living  body  the  more  difficult  or  rather  the  oaore  com- 
pletely impossible  has  any  physico-chemical  theory  of  nutrition  and 
reproduction  become."  Or  that  "the  difficulty  stands  out  in  its 
fullest  prominence  in  connection  with  the  phenomena  of  reproduc- 
tion and  heredity." 
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To  make  mj  meaning  clear,  let  me  go  back  to  my  wig.  Assuming 
the  primordial  wig  to  have  come  into  existence  through  a  seriee  of 
lucl^,  fortuitous  accidents,  assisted  by  certain  peculianties  inherent 
in  the  primary  material  and  favored  by  the  special  conditions  of  the 
enTironmemt— wigs  have  ever  since  been  made  much  on  ihe  pattern 
of  the  first  wig  though  variations  have  taken  place  from  time  to  time. 

Each  new  wig  is  constructed  on  top  of  an  old  wig  and  when  a  new 
wig  is  ready,  "division"  takes  place  and  the  new  wig  is  removed  to 
a  new  "cell"  together  with  a  supply  of  tools  and  materiiJs  required 
for  wig  making.  According  to  the  material  available,  while  the  gen- 
eral pattern  is  maintained  intact,  variations  may  be  introduced  into 
individual  curls.  But  two  kinds  of  wigs  are  to  be  thoa^t  of,  simple 
wigs — ^male  and  female — and  compound  w^,  the  latter  being  made 
by  superposing  two  simple  wigs  after  aach  alterations  have  been 
made  in  each  as  to  permit  of  their  superposition;  obviously,  when 
the  compound  wigs  are  separated  and  worn  as  simple  wiga,  the  new 
simple  wigs  differ  somewhat  from  the  old  though  ^ey  are  very  like 
them  in  g^ieral  character;  also  it  will  be  clear  th&t  all  sorts  of  com- 
binations of  simple  wigs  may  be  made. 

Obviously  my  metaphorical  wigs  correspond  to  nuclei  and  liie 
tools  and  materials  used  in  making  them  to  the  cytoplasmic  ele- 
ments— assuming  that  the  nucleus  is  the  formative  element  of  the 
cell.  Having  thus  put  wigs  on  the  green,  I  trust  that  I  have  met  tha 
challenge  given  by  Br.  Hiddane  and  that  it  will  be  obvious  that  even 
the  problems  of  reproduction  and  heredity,  if  not  those  of  immunity, 
may  be  dealt  with  from  some  such  point  of  view  as  that  I  have  ven- 
tured to  state. 

The  assertion  has  been  made  *  recently  that  the  scientific  world 
"is  b^inning  on  all  sides  to  admit  the  necessity  for  postulating  the 
cooperation  of  some  'outside'  factor.  Lodge  in  England,  Bei^son 
in  France,  and  Driesch  in  Germany  are  the  most  conspicuous  apostles 
of  the  new  movement." 

This  is  but  one  of  the  many  such  statements  made  of  late.  An 
apostle  after  all  is  but  a  messenger  and  the  character  of  a  message 
depends  a  good  deal  on  the  instruction  the  messenger  has  received, 
though  imagination  may  contribute  a  good  deal  to  its  ultimate  adorn- 
ment. The  messages  delivered  to  the  public  on  such  a  subject  are 
apt  to  be  somewhat  imaginary.  It  is  clear  that  they  can  not  be  even 
an  approximation  to  truth,  when  no  notice  is  taken  by  those  who 
convey  them  of  the  results  achieved  by  the  toiling  workers  in  the 
distant  adits  of  the  mine  of  science.  Philosophers  must  go  to  school 
and  study  in  the  purlieus  of  experimental  science,  if  they  desire  to 
speak  with  authority  on  these  matters. 
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Hero  s^ain  I  am  served  by  the  old  Greek  cynic,  "The  beginnii^  of 
philoeophj,  at  least  with  those  who  lay  hold  of  it  as  they  ou^t,  is 
the  coDscioiiaiieas  of  their  own  feebleness  and  incapacity  in  respect  of 
,  necessary  things."  Such  sayings  make  us  wonder  at  the  lack  of 
appreciation  displayed  by  the  sage  of  Chelsea  in  making  Sartor  say, 
"^10  'Endiiridion  of  Epictetus'  I  had  ever  with  me,  often  as  my 
sole  companion,  and  r^rot  to  m^ition  tiiab  the  nourishment  it 
yielded  was  trifling."    But  he  too  was  a  philoeopher. 

After  telling  us  tbat  the  cell  is  now  defined  as  a  vital  unit  con- 
sisting of  an  individual  mass  of  the  living  substance  protoplasm 
containing  at  least  one  nucleus;  and  that  the  protoplasm  of  on  ordi- 
nary cell  is  differentiated  into  two  distinct  components — the  cyto- 
plasm or  bodyplasm  and  tiie  nucleus — Prof.  Minphin  raises  the  ques- 
tion whether  the  cytoplasm  or  the  nucleus  ia  to  be  regarded  as  the 
more  primitive.  He  can  not  conceive,  he  says,  that  the  earliest 
living  creature  could  have  come  into  existence  as  a  complex  cell, 
with  nucleus  and  cytoplasm  distinct  and  separate;  and  he  is  forced 
to  believe  that  a  condition  in  which  a  living  body  consisted  only  of 
one  form  or  type  of  living  matter  preceded  tha£  in  which  the  body 
eoosisted  of  two  or  more  structural  components. 

The  issue  thus  raised  is  an  important  one.  Regarding  the  cell 
as  the  vital  unit,  as  "the  mmplest  protoplasmic  organ  which  is 
capable  of  living  alone, "  in  other  words,  capable  of  growing  and  of 
reproducing  ibself,  the  question  I  venture  to  put  is  whether  life  did 
not  begin  only  when  the  cell  was  first  constituted,  whether  the 
materials  formed  prior  to  this  period,  however  complex,  were  not  all 
incoordinated  and  therefore  inanimate. 

The  term  "cell ' '  unfortunately  has  had  somewhat  different  meanings 
attached  to  it.  At  first,  as  Prof.  &Cnchin  tells  us,  only  the  limiting 
membrane  or  cell  wall  was  thought  of,  the  fluid  or  viscous  contents 
bdng  regarded  as  of  secondary  importance;  the  primary  meaning, 
la  fact,  was  that  of  a  little  box  or  capsule.  It  then  became  apparent 
that  the  fluid  contents  were  the  essential  living  part,  the  cdl  wall 
merely  an  adaptive  product  of  the  contained  living  substance  or 
protoplasm.  Consequently  the  cell  was  defined  as  a  small  mass  or 
corpuscle  of  the  living  substance,  which  might  eithra*  surround  itself 
witJ).  a  cell  wall  or  remain  naked  and  without  any  protective  envelope. 
Further  advance  involved  the  rec<^^tion  of  a  nudeus  as  an  essential 
component  of  the  cell. 

I  can  not  think  of  a  naked  mass  of  protoplasm,  call  it  chromatin 
^tainable  substance)  orwbat  you  will,  playing  the  part  of  an  organism; 
at  most  I  imagine  it  would  function  as  yeast  zymase  functions. 

If  it  is  to  grow  and  be  reproduced,  the  nuclear  material  must  be 
tiaii  up  along  with  the  appro|aiate  food  materials  and  such  con- 
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stnictiva  appliances  as  are  required  to  bring  about  the  association  of 
the  various  elements  entering  into  the  structure  of  the  organism. 
The  incloeura  of  the  naked  protoplsflmio  mass  within  a  differential 
septum  (cell  wall)  through  which  only  the  simpler  food  materials 
could  gain  an  entry  seems  to  me,  thra^ore,  a  neceasary  act  in  t^e 
evolution  of  life.  From  this  point  of  view,  it  matters  HtUe  which 
came  first — chromatin  or  cytoplasm. 

The  argument  put  forward  by  Mx.  Eocles  in  support  of  the  con- 
tention that  nuclear  material  ia  the  more  primitive,  based  on  the 
preponderance  of  the  open  chain  derivative  arginine  in  the  nucleus 
and  of  benzenoid  derivatives,  such  as  tyroainB  in  the  cytoplasm,  can 
not  be  r^arded  as  valid.  The  difference  between  open  and  closed 
chain  compounds  is  not  such  that  chemists  can  regard  one  as  more 
primitive  than  the  other,  except  it  be  that  the  open  is  the  first  to 
receive  attention  in  the  textbooks;  and  arg^nine,  if  not  the  most,  is 
one  of  the  most  complex  products  hitherto  separated  from  albuminoid 
materials,  far  more  so  than  tyrosine: 

A^inma    HN-C<jjgf  (^^  (^^  (^  CH(NH,).  COOH. 

Tyndne    HO.  C^,.  CH^  CH(NH,).  COOH. 
Ai^inine  probably  owes  its  value  as  a  nuclear  material  to  the  many 
points  of  attachment  its  nitrogen  atoms  offer — in  other  words,  to  its 
complexity. 

Prof .  Minchin  would  restrict  the  term  "cell"  to  otganisms  in  which 
the  protoplasm  is  differentiated  into  cytoplasm  and  nucleus  definitely 
marked  off  from  one  another  and  would  therefore  deny  the  term  "cell ' ' 
to  bacteria  and  their  allies.  But  bacteria  apparently  consist  of 
materials  differing  but  little  in  complexity  from  those  met  with  in 
higher  organisms  and  they  contfun  a  variety  of  enzymes.  The  sepa- 
ration of  the  nucleus  within  a  special  differential  septum  would  appear 
merely  to  mark  it  off  as  a  separate  factory  within  which  special 
operations  can  be  carried  on  apart  from  those  effected  in  the  cyto- 
plasm; the  extrusion  of  nucleoli  from  the  nucleus  during  the  vege- 
tative stage  is  particularly  significant  from  this  point  of  view, 
especially  as  the  nucleoli  within  and  without  the  nucleus  stain  dif- 
ferently.' The  differentiation  of  the  nucleus,  therefore,  may  be 
merely  a  mark  of  a  higher  stage  of  organization,  but  to  make  the 
distinction  suggested  between  bacteria  and  other  forms  appears  to 
me  to  be  unjustifiable. 

From  the  point  of  view  I  am  advocating,  every  organism  must 
possess  some  kind  of  nucleus — visible  or  invisible;  some  formative 
center  around  which  the  various  templates  assemble  that  are  active 

■  8m  V^Malalty  "Obwrntiona  on  tha  blsUiT  ud  potdbto  finutlgn  of  tha  DOotoaU  lu  tlie  vasttulva  otlh 
id  vulous  aulnuJs  and  planti,"  b;  C.  £.  Walkai  and  Fnmcca  U.  Tour,  Quart.  Jonm.  Eip.  PbyaJoL, 
Ma,  3, 197. 
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in  directing  the  growth  of  the  organism.  The  cell,  in  other  words, 
is  the  unit  factory  and  its  definition  should  be  made  independent  of 
microscopic  appearances. 

To  conclude:  AH  speculation  as  to  the  oii^n  of  life  must  savor 
of  the  academic;  it  can  have  no  very  definite  outcome  unless  it  be 
verified  experimentally,  and  at  present  it  seems  improbable  that 
such  verification  wUl  be  possible.  But  speculation  is  none  the  less 
Intimate  and  desirable  ou  account  of  the  fundamental  issues  to 
be  considered. 

In  discussing  the  problems  of  heredity,  in  dealing  with  disease,  we 
are  groping  in  the  dark  so  long  as  we  are  ignorant  of  the  precise 
nature  of  the  vital  processes  and  of  the  minute  details  of  organic 
structure;  no  effort  should  be  spared,  therefore,  to  unravel  these. 
The  results  of  modem  cytological  inquiry  are  very  marvelous  but 
imsatisfactory.  We  need  to  know  far  more  of  hving  material, 
especially  in  the  vegetative  stage;  the  chemist  has  difficulty  in 
accepting  the  findings  of  the  morphologist  at  their  face  value;  ho 
can  not  avoid  the  feeling  that  not  a  few  of  the  "structures"  described 
may  be  artefacts  bearing  but  a  distant  resemblance  to  the  hving 
forms,  as  structure  is  usually  brought  into  evidence  by  staining  and 
this  can  not  take  place  until  the  differential  septa  of  cells  ore  broken 
down  and  rendered  permeable;  so  that  the  staining  and  fixing  process 
is  one  that  must  he  attended  with  chemical  chaises,  among  which 
coagulation  effects  are  to  be  reckoned.  But  the  appefirances  in 
many  cases  are  too  definite,  too  wonderful,  to  be  mere  artefacts. 

What  is  now  needed  is  the  combination  of  the  eyes  of  the  cytologist 
with  those  of  the  chemist  and  with  those  of  the  physiologist,  the 
collaboration  of  the  student  of  external  structure,  and  the  student 
of  function.  Continued  specialization  can  only  carry  us  farther  away 
from  the  goal  we  are  all  striving  for,  though  vaguely,  because  we  have 
no  settled  combined  scheme  of  action. 
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THE  APPEARANCE  OP  LIFE  ON  WORLDS  AND  THE 
HYPOTHESIS  OF  ARRHENIUB.' 


ByALFHONBB  Bbboet, 
pToJaior  at  the  Paru  Institute  of  Oceano^phff, 

The  problem  of  cosmogony  is  one  of  those  that  has  most  disturbed 
the  mind  of  man.  No  question,  indeed,  is  more  perplexing  than  that 
of  finding  out  whence  comes  the  earth,  whence  comes  the  aun  about 
which  it  gravitates  with  its  sister  planets,  toward  what  goal  is  it 
carried  by  that  slow  evolution  that  it  undei^es. 

To  this  question  Laplace  was  the  first  to  give  a  scientific  answer. 
Starting  from  the  results  of  the  observation  of  the  nebulte,  different 
forms  of  which  we  can  observe  in  the  sky  at  different  stages  of  their 
history,  he  formulated,  by  a  true  flash  of  genius,  that  wonderful 
theory  that  bears  his  name.  According  to  his  conception,  an  incan- 
dracent  nebula,  radiating  its  heat  gradually  toward  cold  apace,  would 
contract  as  it  co<^d;  these  successive  contractions  would  by  degrees 
have  agglomerated  the  constituent  matter  of  the  nebula  into  a 
"nucleus,"  at  first  gaseous,  then  igneous  fluid,  the  aim.  Li  propor^ 
tion  as  the  dimensions  of  this  revolving  nucleus — the  total  mass  of 
which  remained  the  same — ^was  diminishing,  its  momentum  of 
inertia  was  also  diminishing,  its  velocity  of  rotation  was  increasing, 
and  consequently  the  centrifugal  force  was  increasing  at  the  same 
time.  A  depression  was  formed  on  the  still  plastic  nucleus  near  the 
axis  of  rotatiop;  the  equator  expanded  and  gradually  a  ring  was 
detached  from  it,  which  on  breaking  gave  birth  to  a  new  planet,  by 
the  condensing  of  the  matter  of  which  it  was  formed.  This  planet 
began  to  revolve  around  the  nucleus  and  on  itself,  in  the  same 
direction  as  that  of  the  rotaiy  motion  of  (he  central  nucleus.  Thus 
mu^t  the  earth  have  been  bom,  thus  must  have  been  bom  the  other 
planets,  fragments  detached  from  the  central  sun,  and  necessarily 
containing  the  same  chemical  elements.  ' 

When  Laplace  advanced  this  hypothesis,  certain  astnmomical  facts 
that  are  known  to-day  were  yet  tnknown,  notaUy  the  inverse 
rotation  of  the  satellites  of  distimt  planets.  Nothing  was  known  of 
the  existence  of  new  forces  that  nuKtem  physics  has  just  discovered 

1  TianalBled  by  panulaakui  Iroiii  Biologlca,  Faris,  3il  jeai.  So.  13,  Juiuary  IE,  IBIZ 
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in  the  course  of  the  last  few  yeajs.  Perhaps  it  is  fortunate  that  the 
famous  astronomer  did  not  know  these  "new  facts."  They  would 
have  destroyed  the  unity  of  the  system  of  the  univeise  as  he  saw  it, 
and  the  complication  introduced  by  instances  of  exception  would 
douhtlesB  have  prevented  hint  from  formulating  his  hypothesis,  so 
grand  in  ita  unaffected  simplicity. 

To-day  we  know  that  the  Laplace  theory  must  be  modified  in 
some  points.  As  a  whole,  however,  it  is  still  in  force;  it  is  a  citadel 
which  in  spite  of  everything  resists  all  assaults,  as  H.  Poincar6  has  so 
well  said.  It  is  enough,  therefore,  to  reconcile  it  with  the  new  con- 
quests of  science;  that  is  what  the  illustrious  physicist  of  Stockholm, 
Prof.  Svante  Arrhdniua,  has  done. 

The  Swedish  scientist  introduced  into  the  theory  of  the  evolutioa 
of  worlds  a  second  force  as  neoeesary  to  consider  as  universal  gravi- 
tatum,  that  is,  the  preaaure  of  radiaiwn,  the  conception  of  which  is 
due  to  J.  Clerk-Maxwell,  and  the  reahty  of  which  has  heen  demon- 
strated by  the  experiments  of  Lebedeff.  This  pressure  is  exerted 
upon  every  surface  exposed  to  a  radiation  by  the  very  action  of  this 
radiation;  it  is  equivalent,  in  t^e  immediate  neighborhood  of  the 
solar  surface,  to  nearly  2  milligrams  a  square  centimeter. 

As  the  dimensions  of  a  very  small  spherule  of  matter  decrease,  the 
importance  of  the  surface  in  comparison  with  the  mass  increases  at 
the  same  time.    Now  the  attraction  of  gravitation  is  dependent  on 
the  mass,  while  the  pressure  of  radiation  is  dependent  on  the  extent 
of  surface.    One  can  readily  conceive,  therefore,  that  in  the  case  of 
very  tenuous  particles  the  pressure  of  radiation  may  exceed  the 
attractive  force  of  gravitation ;  in  the  case  of  nontransparent  sphenUes 
the  0.0015  of  a  millimeter  in  diameter  the  two  forces  are  in  equilib- 
rium; and  if  the  diameter  of  the  particle  falls  below  Ais  amount,  the 
repelling  force  is  the  stronger  and  the  particle  is  driven  away  from 
the  radiating  body.    On  tiny  particles  whose  diameter  would  amount 
to  as  little  as  the  0.0001 6  of  a  millimeter,  the  pressure  of  r;idiatJon  would 
be  ten  times  as  great  as  the  attracting  force.    These  dimensicms  are 
realized  in  the  spores  of  bacteria.    The  small  mass  of  these  micro- 
BcoDic  manules  increases  the  importance  of  their  surface,  and  Qi& 
f  the  air  has  such  force  over  them  that  this  tiny  mass 
)  the  air  would  not  fall  a  hundred  meters  in  a  year,    l^he 
ad  carries  them  o£E  into  the  atmosphere  and  may  take 
)  limits  of  our  gaseous  envelope,  where  the  pressure  of 
t  more  than  a  very  small  fraction  of  a  millimeter  of  mer- 
B,  to  an  altitude  of  100  kilometers, 
pressure  of  radiation  that  Arrh&iius  has  given  a  place  in 
3U  of  worlds.    It  drives  away  from  the  stars  the  fine 
it"  which  the  constant  eruptions  of  these  incandescent 
out  every  moment;  especially,  it  is  this  dust  which  con- 
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Btitubes  the  coronU  atmosphere  of  the  sun.  These  expelled  particles 
bear  a  negative  electrical  charge.  They  are  going  to  come  in  contact 
-with  these  cold,  gaseous  masses  of  rarified  molecules,  containing 
helium  and  hydrogen,  called  "nebulie."  Hiese  nebulas  contain  a 
very  smell  number  of  molecules;  hence  their  lov  temperature.  When 
the  electrically  charged  particles  reach  them,  the  former  make  the 
periphery  luminous,  and  then  these  nebuUe  are  visible  to  observers 
on  the  earth;  the  dust  which  is  agglomerated  into  meteorites,  how- 
ever, becomes  centers  of  condensation  for  these  nebulie.  Let  a  dark 
body,  such  as  the  moon  is  to-day,  such  as  the  sun  will  be  later, 
happen  to  penetrate  into  such  surroundings  in  the  course  of  its 
peregrinations  lasting  myriads  of  centuries,  it  will  become  still  more 
easily  a  center  about  which  nebulous  matter  would  accumulate  while 
it  becomes  heated;  the  nudeus  becomes  incandescent,  a  sun  will  be 
bom.  Finally,  let  two  dark  suns  collide  in  the  infinity  of  space  and 
time;  the  violence  of  the  shock  is  enough  to  volatilize  their  matter; 
the  breaking  of  their  envelopes  would  release  the  igneous  matter  so 
long  imprisoned  beneath  their  cooled  crusts;  like  two  gigantic  shells 
they  "fflcplode"  and  the  endothermic  components  that  iheii  centers 
contain,  held  under  enormous  pressures,  set  free  masses  of  gas  that 
escape  la  spiral  spirts.  Then  the  stages  of  which  Laplace  conceived 
can  b^in  to  follow  each  other,  generating  planets;  one  or  two  "  nuclei " 
exist  in  the  midst  of  the  nebulous  spheres  surrounding  them;  we  have 
watched  the  resurrection  of  a  world.  These  collisions  are  not  idle 
hypotheses,  we  witness  them  in  the  heavens  eaxih  time  that  a  new 
star  appears,  like  the  "nova  Persei,"  for  example;  we  have  seen  a 
world  bom,  but  reborn  from  a  dead  world.  It  is  a  perpetual  cycle 
that  recommences  in  this  manner,  a  cycle  the  mechanism  of  which 
has  been  pointed  out  for  the  first  time  by  the  brilliant  genius  of 
Arrhfinius. 

Such  is,  too  briefly  summarized,  the  Swedish  physicist's  principle 
of  the  theory  of  cosmogony.  But  he  has  not  been  content  with 
explaining  the  evolution  of  "cosmic"  matter.  He  has  asked  him- 
self— and  it  is  this  that  will  interest  the  reader  of  Bielogica  more 
especially — how  life  could  appear  on  a  world  thus  created;  he  has 
tried  to  find  out  whether  living  germs,  having  left  a  world  where  th^ 
found  their  conditions  of  existence  realized,  can  endure  the  long 
journey  through  intersidereal  space  and  bring  to  another  world  the 
germ  of  life  which  is  in  themselves,  becoming  the  starting  point  of  a 
series  of  hving  beings  brought  slowly,  by  an  evolution  parallel  to 
that  of  the  planet  that  sustains  them,  to  gradually  increasing  d^reee 
of  perfection;  in  a  word,  to  "higher"  states. 

Svante  ArrhSnius  answers  this  question  by  the  elegant,  original, 
and  seductive  form  that  he  has  known  how  to  give  to  the  doctrine 
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of  Panspermy,  adapting  it  to  the  most  recent  advancement  of 
modem  physics. 

The  doctrine  of  Panspenny  is  not  new;  Richter  was  the  firat  to 
advance  it,  about  1865.  Latw  it  received  the  distinguished  support 
of  the  illustrious  Bi^lish  physicist,  Lord  Kelvin,  and  in  Germany 
Helmholtz  lent  it  the  aid  of  his  great  authority. 

In  its  first  form,  this  doctrine  assumed  that  meteorites,  fragments 
resulting  from  the  collision  between  two  dark  bodies  of  the  heavens, 
come  in  contact  with  a  sun  tmd  brii^  there  genns  that  the  explosion 
has  not  had  time  to  destroy,  as,  when  one  blows  up  a  quarry  with 
dynamite,  certain  pieces  of  rock  may  roll  to  the  bottom  of  the  moun- 
tain, remaining  covered  with  vegetation,  with  living  germs  that 
have  stayed  intact.  Under  these  conditions  meteorites  could  admit 
of  otganic  "  induaions,"  which  could  carry  life  to  celestial  bodies  yet 
devoid  of  it. 

However,  examination  of  thm  hypothesis  in  this  very  simple  form 
raises  objectaons,  the  principal  of  which  is  the  stupendous  tempera- 
ture to  which  the  gfflniB  would  be  immediately  subjected.  Merely 
the  sudden  stopping  of  the  earth  in  its  motion,  even  without  the 
intervention  of  a  collision,  would  suffice  to  volatilize  its  matter  as  a 
result  of  the  quantity  of  heat  liberated;  if,  in  addition,  there  should 
be  a  collision  of  two  celestial  masses,  with  the  liberation  of  the 
igneous  matter  composing  their  respective  nuclei,  it  is  almost  certun 
that  not  a  living  organism  would  escape  this  thermic  manifestation, 
which  would  reduce  them  to  their  gaseous  elements.  It  is,  then,  very 
difficult  toWmit  of  the  conveyance  of  germs  by  meteorites  considered 
as  "fragments"  from  a  celestial  cataclysm. 

ArrhSnius  has  completely  modified  the  hypothesis  of  Panspermy 
by  adapting  it  to  the  demands  and  achievements  of  modem  physics. 
He  has  considered  the  possibility  of  the  fK)nveyance  of  germs  them- 
selves, independently  of  all  mineral  aid,  and  this  by  bringing  into 
play  the  "pressure  of  radiation"  of  which  we  have  spoken  in  the 
beginning  of  this  articte,  -whea  we  expluned  in  broad  outline  the 
cosmogonic  hypothecs  of  the  Swedish  physicist. 

We  have  said  that  by  direct  measurement  the  pressmv  of  radiation 
on  a  spherule  the  0.00016  of  a  millimeter  in  diameter  (or  0.16  of  a 
micron)  m^ht  be  10  times  as  strong  as  the  attractive  force  resulting 
from  univOTsal  gravitation.  Now  gwins  of  these  reduced  dimensions 
do  exist.  Botanists  know  for  a  c«i«inty  that  the  spores  of  many 
bacteria  have  a  diameter  of  0.3  to  0.2  of  a  micron,  and  that  beyond 
doubt  there  exist  some  even  much  smaller;  the  progress  of  the  ultra-- 
microscope  is  banning  to  enable  ns  to  see  these  germs  of  the  order 
of  one-tenth  of  a  micron  in  size. 

Let  us  imagine  such  a  microorganism  swept  off  the  surface  of  the 
earth  by  a  current  of  air  that  corriee  it  as  far  as  the  higher  atmosphere, 
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say  to  the  altitude  of  approximately  a  hundred  kilometers.  .When 
it  has  reached  that  point  it  is  subjected  to  another  catf^ry  of  forces 
susceptible  of  acting  on  it;  these  are  forces  of  an  electrical  kind. 

It  is,  indeed,  at  about  that  altitude  that  radiations  produce  polar 
auroras.  These  auroras  are  caused  by  the  arrival  into  the  atmos- 
phere of  the  earth  of  cosmic  dust  coming  from  the  sun  and  driven 
from  it  by  the  pressure  of  radiation.  This  dust  is  chai^d  negatively, 
and  its  dischaj^  makes  luminous  the  region  of  the  atmosphere  in 
which  it  is.  Under  these  conditions,  if  a  spore  coming  from  the 
earth's  surface  is  also  negatively  charged  by  contact  with  the  elec- 
trically chained  dust,  it  may  be  repelled  by  the  latter,  which  will 
drive  it  toward  intersideral  space  as  a  result  of  the  electrostatic  repul- 
sion of  two  chai^;ea  of  the  same  sign.  Calculation  shows  that  an 
electrical  field  of  200  volts  a  meter  is  enou^  to  produce  on  a  Epherule 
the  0.16  of  a  micron  in  diameter  a  repulsion  greater  than  gravitation; 
now,  the  field  usually  observed  in  the  atmospheric  air  is  greater. 
Electrostatic  repulsion  of  germs  that  have  reached  the  higher  atmos- 
phere is,  then,  not  only  qualitatively,  but  even  quantitatively  possible. 

We  have  our  germ,  then,  started  on  its  intersideral  journey.  Let 
us  put  aside  for  a  time  the  conditions  of  existence  and  destmctioa 
that  it  may  encounter  among  the  stars,  circumstances  that  we  shall 
study  in  a  moment.  We  are  going  to  find  out  first  of  all  the  condir 
tions  of  time  of  such  a  journey,  effected  under  the  influence  of  the 
pressure  of  radiation  which  acts  on  the  germ  as  soon  as  it  is  at  a  suffi- 
43ent  distance  from  the  earth.  On  its  way  it  will  be  caught,  in  the 
neighborhood  of  a  celestial  body,  by  some  larger  particle  Of  the  order 
of  size  of  a  micron,  which  fomis  a  portion  of  that  dust  scattered 
profusely  around  the  solar  systems.  Once  carried  away  by  this 
particle,  which,  because  of  its  greater  size,  is  more  subject  to  the 
action  of  attraction  than  to  that  of  the  repelling  force,  it  can  then 
praietrate  into  the  atmosphere  of  the  planets  that  it  will  happen  to 
encounter. 

If  we  asaiune  that  this  traveling  germ  has  a  density  equal  to  that 
of  water,  which  is  obviously  accurate  for  Uving  germs,  we  find  that 
it  will  need  nearly  20  days  for  it  to  reach  the  planet  Mars,  80  to  reach 
Jupiter,  15  months  to  get  to  the  distant  planet  of  Neptune.  These 
are  only  planets  forming  part  of  our  own  solar  system.  If  we  try 
to  find  the  time  necessary  for  this  germ  to  reach  the  solar  system 
nearest  to  ours,  that  is,  the  system  whose  central  sun  is  the  star  a  of 
the  constellation  of  the  Centaur,  we  will  find  the  duration  of  the 
journey  to  be  approximately  9,000  years. 

How  will  our  germ,  hving  at  the  time  of  its  departure,  act  in  the 
course  of  this  long  journey  \ 

Interstellar  space  has  a  very  low  temperature;  it  is  near  the 
absolute  zero  of  the  physicists,  which  is  273°  C  below  the  temperature 
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of  mdting  ice.  Arrh^nius  estimates  the  temperature  of  nebular 
space  at  —220°  (53°  absolute),  taking  phyaicBl  obserrations  as  a 
basis.  The  germ  that  is  traveling  acoosa  this  space  under  the  impolse 
of  ihe  preaaure  of  radiation  must,  then,  endure  for  months,  yeaiB,  or 
even  centuries,  a  temperature  of  220°  C.  beloV  zero;  what  is  going 
to  be  the  result  from  the  viewpoint  of  its  vitality,  and  more  than 
aU,  from  the  point  of  view  of  its  germinative  power  t 

Mod«7i  physicists  and  physiologistB  answer  this  question  victo- 
riously. In  the  laboratory  of  the  Jumer  Institute  in  Ix)ndon,  sci- 
entists have  quite  recently  met  with  success  in  keeping  in  liquid 
oxygen  for  20  hours,  at  a  temperature  of  250°  C.  below  zero,  spores  of 
bacteria  which  have  completely  retained  their  germinative  power 
after  this  severe  test.  And  Prof.  MacFayder  has  kept  living  germs 
for  more  than  six  monHu  at  200°  C.  bdow  zero,  not  only  without  their 
germinative  power  having  been  destroyed,  but  even  without  its  hav- 
ing been  injured  in  the  slifj^teet  degree. 

Svante  Arrh^us  points  out  that  this  preservation  of  germinative 
power  at  very  low  temperatures  is  the  most  natural  thiog  possible. 
This  power,  indeed,  ought  to  disappear  only  under  the  influence  of 
some  chemical  reaction,  and  it  is  known  that  these  reactions  take 
place  more  and  more  slowly  as  the  temperature  of  the  medium  is 
lowered.  At  the  temperature  of  interstellar  space,  reactions  of  life 
ought  to  be  produced  by  an  activity  a  thousand  million  times  weaker 
than  at  a  temperature  of  10°  C,  and  at  a  twnperature  of  220°  C. 
below  zero  the  power  of  germination  would  not  diminish  more  during 
3,000,000  years  than  it  diminishes  in  a  day  at  the  tempaature  with 
which  we  are  familiar,  10°  C.  below  zero.*  All  fear  in  regard  to  the 
prolonged  action  of  cold  is  therefore  removed — it  is,  then,  without 
injurious  effect  on  the  germinative  faculty  of  spores. 

Time,  acting  alone,  seems  equally  harmless.  Have  not  bacteria 
been  found,  in  fact,  in  a  Roman  vault,  which  have  certainly  remained 
untouched  for  1,800  years  and  which,  nevertheless,  were  perfectly- 
capable  of  germination  after  this  long  interval  t 

As  to  the  influence  of  the  absolute  aridity  of  interstellar  space,  an 
agency  that  is  added  to  that  of  cold  and  that  of  time,  neither  does 
this  appear  to  be  dangerous  to  our  germ  of  life.  Schraeder  has  shown 
that  a  green  alga,  Fleurococcus,  can  live  three  months  in  a  medium 
that  has  been  completely  desiccated  by  sulphuric  acid.  Prof.  Ma^ 
qtienne,  of  the  French  Institute,  has  gone  still  further.  He  has  demon- 
strated, with  experimfflit  and  observation  at  hand,  that  seeds  can 
stay  several  years  in  a  Crookes  tube — (hat  is,  in  almost  complete 
vacuum,  without  losing  their  germinative  power,  and  Paul  Becquerel 
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has  obaerred  identic&l  results  on  the  spores  of  Mucoracefe  and  of 
bacteria. 

Paul  Becquorel  has  oamad  his  experiments  atill  further.  In  the 
Leyden  laboratory  he  has  subjected  bacteria  and  spores  for  three 
-weeks  to  the  confined  influence  of  vacuum,  cold  ( — ^2S3^  C),  and 
absolute  aridity.    Their  vitality  remained  perfect. 

The  "circumambient  conditions  "  of  intersidereal  space  are  therefore 
not  hostile  to  the  vitality  of  a  germ  that  would  travel  there,  even  for 
a  very  extensive  period. 

Another  objection,  however,  has  been  made  to  the  tbeoiy  of 
Airhfiniua,  one  that  is,  at  least  at  first  ^ance,  more  serious — this  is 
the  deadly  effect  of  ultra-violet  radiations  on  living  germs. 

It  is  known,  in  fact,  that  this  action  existe.  It  even  exists  so  cer- 
tainly that  drinking  water  is  beginning  to  be  sterilized  industrially 
by  utilizing  the  microbicide  action  of  ultra-violet  rays.  Now,  these 
rays,  absorbed  in  great  part  by  the  atmosphere  of  the  planets,  travel 
freely  through  interstellar  space.  Will  they  not  "kill"  our  wander- 
ing germs  in  the  course  of  their  journey  from  one  wotid  to  another 
and  destroy  forever  their  germinaUve  power ! 

Paul  Becquerel's  experiments  seem  to  support  this  possibility  of  Uie 
death  of  germs  through  the  action  of  ultra-violet  ra;^.  This  inves- 
tigator has  placed  dry  spores  in  vacuum  tubes,  closed  by  a  sheet  of 
quartz  tiiat  allowed  the  passage  of  ultra-violet  rays  with  which  the 
ganoB  under  observation  were  illuminated.  At  the  end  of  six  hours 
the  most  resistant  spores  are  killed.  The  journey  of  a  Hving  grarm 
in  a  space  freely  illuminated  by  ultrar-violet  light  would  therefore  be 
full  of  dangeiB  for  the  life  of  this  germ,  which  would  be  exposed  to  a 
quick  death- 

But  to  these  experiments,  cfuried  out  with  a  care  and  a  skill  that 
make  the  result  indisputable,  there  are  some  opposing  arguments. 

First  of  aU,  it  must  be  noted  that  the  death  of  the  germ  is  not 
intianlaneoua;  several  hours  were  needed  to  Awtraj  it,  even  under 
the  action  of  a  powerful  light  brought  into  immediate  proximity  with 
the  nucroorganism  subjected  to  its  effects.  Now,  the  itUen^iy  of 
radiations  varies  in  inverse  ratio  with  the  squares  of  the  distances. 
Hierefore  at  the  distance  of  the  orbit  of  Neptune,  solar  radiation  is 
nearly  a  thousand  times  weaker  than  at  the  distance  of  the  earth 
from  the  radiating  body,  and  at  half  the  distance  of  the  star  a  tA 
the  Centaur,  this  radiation  would  be  twwty  thousand  million  times 
weaker.  A  man  resists  the  heat  of  a  furnace  before  which  be  stands, 
when  ha  would  die  if  he  were  thrust  into  the  fire. 

The  work  of  Dr.  Bouz  seems  to  have  shown  that  it  is  an  ozydizing 
action  due  to  the  constitution  of  the  atmospheric  medium  that 
causes  the  deadly  effect  of  the  light  on  the  germ,  for  the  illustrious 
SSSeO"— Bit  1912 86 
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scientist  has  made  a  series  of  researches  in  the  course  of  which  spores 
in  a  vacuum  have  resisted/or  several  Trumiha  the  illumination  of  a,  very 
strong  solar  light  which,  had  they  heen  in  the  air,  would  undoubt- 
edly have  killed  them. 

So  one  can  conceiTe  that  a  living  germ,  wandering  through  apace 
and  coming  from  a  body  on  which  life  has  already  been  manifested, 
can  traveJ  for  a  long  time,  meanwhile  escaping  causes  of  destruction 
that  suiToimd  it,  and  arrive  on  a  world  still  devoid  of  life,  where 
conditions  of  temperature  are  such  that  life  begins  to  become  pos- 
sible there. 

It  is  enough  that  among  the  thousand  millions  of  thousand  mil- 
lions of  germs  sent  off  into  the  infinite  by  the  pressure  of  radiation, 
a  eijtgle  one  shall  reach  a  planet  that  has  been  without  life  up  to 
that  time,  in  order  to  become  there  the  point  of  departure  of  mani- 
fold organisms  that  will  slowly  evolve  from  it.  The  minuteness  of 
such  a  germ  moderates  its  fall  through  the  atmosphere  of  this  planet 
enough  so  that  it  does  not  become  heated  as  a  result  of  its  friction 
in  the  atmosphere  to  a  temperature  sufficient  to  kill  it.  Having 
entered  the  atmosphere  of  the  new  planet,  it  will  follow  its  eddies 
and  currents,  it  will  fall  on  a  substratum,  either  solid  or  liquid,  which 
will  offer  it  the  "optima"  conditions  of  development,  life  will  be 
bom  on  the  surface  oi  a,  world  lifeless  till  that  time.  "And,  even  if 
there  should  elapse  millions  of  years  between  the  moment  when  a 
planet  is  susceptible  of  carrying  life  and  the  moment  when  a  germ  first 
falls  upon  it  and  develops  there  in  order  to  take  possession  of  it 
for  otgamc  life,  tiiat  is  very  little  in  comparison  with  the  extent  of 
time  during  which  this  life  will  be  able  to  exist  there  in  complete 
development.'" 

And  BO,  according  to  this  magnificent  conception  of  the  Swedi^ 
physicist,  life  can  be  carried  from  one  planet  to  another.  Germs 
swept  away  by  ascending  air  currents  which  carry  them  to  the  lim- 
its ot  the  atmosphere  are  repelled  by  the  electrically  charged  dust 
that  has  penetrated  there,  coming  from  suns  that  have  driven  it  away 
by  the  repelling  pressure  of  their  radiation.  After  they  have  arrived 
in  space  they  attach  themselves  to  some  straying  grains  of  dust  of 
greater  dimensions  than  theirs  and  consequently  capable  of  obeying 
the  attraction  of  a  neighboring  planet  rather  than  the  repelling  force 
of  radiation;  they  then  penetrate  into  the  atmosphere  of  this  new 
planet  and  bring  life  to  it,  if  life  has  not  yet  developed  there. 

And  in  that  case  one  is  forced  to  the  conclusion  that  if  all  beings 
that  live  on  a  certain  planet  are  derived  from  one  initial  germ,  they 
have  been  able  to  reproduce  in  their  almost  infinite  variety  only  by 
the  evolution  of  forms  that  can  have  come  from  this  original  germ. 
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Formed  o!  celb  composed  of  direct  combmations  of  carbon,  hydro- 
gen, and  nitrogen,  they  have  in  thauselTss  a  necessaiy  aaeiogy  to 
their  constituent  matter. 

The  elements  that  conatitute  this  matter  are  those  of  the  traveling 
genns,  and  the  latter  may  faJU  either  on  one  planet  or  another;  there 
must,  therefore,  also  be  some  analogy  between  the  beings  living  on 
the  planets  of  a  solar  system  and  those  living  on  the  earth,  with  still 
more  reason  if  they  inhabit  planets  that  revolve  around  the  same 
sun.  And  so  the  naivete  seems  childish  that  makee  people  conceive 
of  the  "Martians"  as  strange  creatures  posseeaing  the  unknown 
functions  of  the  animals  of  the  earth. 

Another  conclusion  is  also  forced  upon  us:  "life  is  an  eternal 
reb^inning  " ;  and  this  conduaion  of  Arrh&iim  in  what  concerns  the 
world  of  life  is  the  same  as  that  indicated  by  his  theory  of  the  uni- 
verse, namely,  that  new  crieetial  bodies  are  bom  from  the  collision  of 
two  dark  suns.  It  is  the  eternal  cycle  of  which  the  "ring"  is  the 
symbol. 
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THE  EVOLUTION  OP  MAN.* 


By  Prof.  G.  Eluot  Shith,  M.  A.,  M.  D.,  Ch.  M.,  P.  R.  8 


THE  SCOPE  OP  EVOLUTION. 

In  a  recent  address  Lord  Morley  referred  to  "evolution"  as  "the 
most  overworked  word  in  all  tbe  language  of  the  day;"  neverthe- 
lees,  he  was  constrained  to  admit  that,  even  when  discussing  such  a 
theme  as  history  and  modem  politics,  "we  can  not  do  without  it.'' 
But  to  us  in  this  section,  concerned  as  we  are  with  the  problemB  of 
man's  nature  and  the  gradual  emergence  of  human  structure,  cu&- 
toms,  and  institutions,  the  facts  of  evolution  form  the  very  fabric 
the  threads  of  which  we  are  endeavoring  to  disentajigle;  and  in  such 
studies  ideas  of  evolution  £nd  more  obvious  expression  than  most 
of  us  can  detect  in  modem  poHtics.  In  such  circumstsjicea  we  are 
peculiarly  hable  to  the  risk  of  "overworking"  not  only  the  word 
"evolution,"  but  also  the  apphcation  of  the  idea  of  evolution  to  the 
material  of  our  investigations. 

My  predecessor  in  the  office  of  president  of  this  section  last  year 
uttered  a  protest  against  the  tendency,  to  which  British  anthropolo- 
gists of  the  present  generation  seem  to  he  pecuharly  prone,  to  read 
evolutionary  ideas  into  many  events  in  man's  history  and  the  spread 
of  his  knowledge  and  culture  in  which  careful  investigation  can 
detect  no  indubitable  trace  of  any  such  influences  having  been  at 
work. 

I  need  offer  no  apology  for  repeating  and  emphasizing  some  of  the 
points  brought  forward  in  Dr.  Rivers's  deeply  instructive  address; 
for  his  lucid  and  convincing  account  of  the  circumstances  that  had 
compelled  him  to  change  his  attitude  toward  the  main  problems  of 
the  history  of  human  society  in  Melanelia  first  brought  home  to  me 
the  fact,  which  I  had  not  clearly  realized  until  then,  that  in  my  own 
experience,  working  in  a  very  different  domain  of  anthropology  on 
the  opposite  side  of  the  world,  I  bad  passed  through  phases  precisely 
analogous  to  those  described  so  graphically  by  Dr.  Kivers.    He  told 

<  Addna  Oallmred  b«<ora  tba  AnOuopcdDglcil  B«etko  at  tha  I>imd«a  in««tliig  rt  tha  Brttld)  AmoBl^ 
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US  that  in  his  fiist  attempts  to  trace  out  "the  evolution  of  custom 
and  institution"  he  started  from  the  assumption  that  "where  simi- 
larities are  found  in  different  parts  of  the  world  they  are  due  to  inde- 
pendent origin  and  development,  which  in  turn  is  ascribed  to  the 
fundamental  similarity  of  the  workings  of  the  human  mind  all  over 
the  world,  so  that,  given  similar  conditions,  similar  customs  and 
institutions  will  come  into  existence  and  develop  on  the  same  lines." 
But  as  he  became  more  famihar  with  the  materials  of  his  research  he 
foimd  that  such  an  attitude  would  not  admit  of  an  adequate  explana;- 
tion  of  the  facts,  and  he  was  forced  to  confess  that  he  "had  ignored 
considerations  arising  from  racial  mixture  and  the  blending  of 
cultures." 

I  recall  ^ese  statements  to  your  recollection  now,  not  merely  for 
the  purpose  of  emphasizing  the  far-reaching  significance  of  an  address 
which  is  certain  to  be  looked  back  upon  as  one  of  the  moat  distinctive 
and  influential  utterances  from  this  presidential  chair,  nor  yet  with 
the  object  of  telling  you  how,  in  the  course  of  my  investigations  upon 
the  history  of  the  people  in  the  Nile  Valley,'  I  also  started  out  to 
search  for  evidences  of  evolution,  but  gradually  came  to  realize  that 
the  facts  of  racial  admixture  and  the  blending  of  cultures  were  far 
more  obtrusive  and  significant.  My  intention  is  rather  to  investigate 
the  domain  of  anthropology  in  which  unequivocal  evolutionary 
factors  have  played  a  definite  rdle;  I  refer  to  the  study  of  man's 
genealogy,  and  the  forces  that  determined  the  precise  line  of  devel- 
opment his  ancestors  pursued  and  ultimately  fashioned  man  himself. 

I  suppose  it  is  inevitable  in  these  days  that  one  trained  in  biological 
ways  of  thought  should  approach  the  problems  of  anthropology  with 
the  idea  of  independent  development  as  his  guiding  principle;  but 
the  conviction  must  bo  reached  sooner  or  later,  by  every  one  who 
conscientiously,  and  with  an  open  mind,  seeks  to  answer  most  of  the 
questions  relating  to  man's  history  and  achievements — certainly  the 
chapters  in  that  history  which  come  within  the  scope  of  the  last  60 
centuries — that  evolution  yields  a  surprisingly  smaU  contribution  to 
the  solution  of  the  difficulties  which  present  themselves.  Most  of 
the  factors  that  call  for  investigation  concerning  the  history  of  man 
and  his  works  are  imquestioqably  the  direct  effects  of  migrations  and 
the  intermingling  of  races  and  cultures. 

But  I  would  not  have  you  misunderstand  my  meaning.  Nothing 
could  be  further  from  my  intention  than  to  question  the  reality  of 
evolution,  as  imderstood  by  Charles  Darwin,  and  the  tremendous 
influence  it  is  still  exerting  upon  mankind.  In  respect  of  certm 
perils  man  may,  perhaps,  have  protected  himself  from  "  the  general 
operation  of  that  process  of  natural  selection  and  survival  of  the  fitteet 
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which,  up  to  his  appearance,  had  been  the  law  of  the  living  world" 
@ir  Ray  Lankeater) ;  but  it  has  been  demonstrated  quite  dafinitel;' 
tiiat  man,  in  virtue  of  these  very  heightened  powers,  which,  to  some 
obserrets,  seem  to  have  secured  him  an  immunity  from  what  Sir  Ray 
Lankester  calls  "nature's  inexorable  discipline  of  death,"  is  con- 
stantly exposing  himself  to  new  conditions  that  favor  the  operations 
of  natural  selection,  as  well  as  other  forms  of  "selection"  to  which 
his  increased  powers  of  intelligent  choice  and  his  subjection  to  the 
influences  of  fashion  expose  him. 

It  is  not,  however,  with  such  contentious  matters  as  the  precise 
mode  of  operation  of  evolution  at  the  present  day  that  I  propose  to 
deal;  nor  yet  with  the  discussion  of  when  and  how  the  races  oi  man- 
kind became  specialized  and  differentiated  the  one  fronl  the  other. 
It  is  the  much  older  story  of  the  origin  of  man  himself  and  the  first 
glinunerings  of  human  characteristioe  amidst  even  the  remotest  of  his 
ancestors  to  which  I  invite  you  to  give  some  consideration  to-day. 

In  a  recently  published  book'  the  statement  is  made  that  "the 
uncertainties  as  to  man's  pedigree  and  antiquity  are  still  great,  and 
it  is  undeniably  difhcult  to  discover  the  factois  in  his  emeigence  and 
ascent."  There  is  undoubtedly  the  widest  Idirei^ence  of  opinion  as 
to  the  precise  pedigree;  nevertheless,  there  seems  to  me  to  be  ample 
evidence  now  available  to  justify  us  sketching  the  genealogy  of  man 
and  confidently  drawing  up  his  pedigree  as  far  back  as  Eocene  times — 
a  matter  of  a  million  years  or  s» — ^with  at  least  as  much  certainty 
of  detail  and  completeness  as  in  the  case  of  any  other  recent  mammal; 
and  if  all  the  factors  in  his  emergence  are  not  yet  known,  there  is  one 
unquestionable,  tangible  factor  that  we  can  seize  hold  of  and  examine — 
the  steady  and  uniform  development  of  the  brain  along  a  well- 
defined  course  throughout  the  primates  right  up  to  man — which  must 
give  us  the  fundamental  reason  for  "man's  emergence  and  ascent," 
whatever  other  factors  may  contribute  toward  that  consummation. 

What  I  propose  to  attempt  is  to  put  into  serial  order  those  verte- 
brates which  we  have  reason  to  believe  are  the  nearest  relatives  to 
man's  ancestors  now  available  for  examination  and  to  determine 
what  outstanding  changes  in  the  structure  of  the  cerebral  hemispheres 
have  taken  place  at  each  upward  step  that  m&y  help  to  explain  the 
gradual  acquirement  of  the  distinctively  human  mental  faculties, 
which,  by  immeasurably  increasing  the  power  of  adaptation  to  vary- 
ing circumstances  and  modifying  the  process  of  sexual  selection,  have 
made  man  what  he  is  at  present. 

The  links  m  the  chain  of  our  ancestry  supplied  by  paleontology  are 
few  and  of  doubtful  value  if  considered  apart  from  the  illumination 
of  comparative  anatomy. 
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Fsychologists  hare  foniralated  oertam  definite  phases  through 
which  the  evolution  of  intelligmoe  imiBt  have  passed  in  the  process 
of  gradual  boildiiig  up  of  the  atnictare  of  the  mind.  The  I^ain  in  a 
sense  is  the  inoatnation  of  this  mental  structure;  and  it  seemed  to  me 
that  it  would  be  instructive,  and  petiiaps  useful,  to  eioploy  the  facta 
of  the  evolution  of  die  brain  as  the  cement  to  unite  into  one  compre- 
hensive story  the  accumulations  of  knowledge  concermng  the  essen- 
tial facta  of  man's  pedigree  and  the  factoiB  that  have  contributed  to 
hie  emei^ence,  which  have  been  gathered  by  workers  in  such  diverse 
departmeaits  of  Jmowledge  as  zoology  and  comparative  anatomy, 
geolt^y  and  paleontology,  and  physiolc^^  and  psychology. 

For  it  was  the  eTtdntion  of  the  brain  and  the  ability  to  pn^t  by 
experience,  which  such  perfecting  of  the  cerebral  mechanism  made 
possible,  that  led  to  the  emei^eQce  of  manunals,  as  I  attempted  to 
demonstrate  in  opening  the  discussion  on  the  origin  of  mamioals  at 
the  Portsmouth  meeting  last  year; '  and  from  the  Tnamirmlia,  by  a 
continuation  of  this  procees  of  building  up  the  cerebral  cortex,  or,  if 
you  prefer  it,  the  structure  of  the  mind,  was  eventually  formed  that 
living  creature  which  has  attained  the  most  eztenaive  powers  of  prc^t- 
ing  by  individual  experience. 

The  study  of  the  brain  and  mind,  therefore,  should  have  been  the 
fiist  care  of  the  investigator  of  human  origins.  Charles  Darwin,  with 
hia  usual  perspicuity,  fully  realized  this;  but  since  his  time  the  rdle 
of  intelligence  and  its  instruments  has  been  almost  wholly  ignored  in 
theee  discussiona,  or  when  invoked  at  all  wholly  irrelevant  aspects  of 
the  problems  have  been  considered. 

There  can  be  no  doubt  that  tiiis  neglect  of  the  evidence  which  the 
oompaiative  anatomy  of  the  brain  supplies  is  in  large  measure  due  to 
the  discredit  cast  upon  tJbis  branch  of  knowledge  by  the  sii^ularly 
futile  pretensions  of  some  of  the  foremost  anatomiets  who  opposed 
Darwin's  views  in  the  diacuasiona  which  took  place  at  the  meetings 
of  the  British  .Association  and  elsewhere  more  than  40  years  ago. 

Many  of  you  no  doubt  are  familiar  wiUi  Charles  Kingsley's  delight- 
ful ridicule  of  theee  learned  discussions  in  the  pages  of  "Water 
Babies."  The  oontroveosy  excited  by  Sir  Richard  Owen's  conten- 
tion that  the  great  distinctive  feature  of  Oib  human  brain  was  the 
poaaeesion  of  a  structure  that  used  to  be  called  the  hippooampua 
minor  was  not  unjustly  the  mai^  of  his  scathing  satire. 

The  prof«noT  had  even  got  up  at  the  Biitudi  AMOciation  and  declared  that  ^>eB  had 
Mppopotamua  majora  in  their  biaine,  just  as  men  have.  Which  was  a  diockii^  thing 
to£8y;  for,  if  it  were  «>,  what  would  become  of  the  faith,  hope,  and  charity  of  immortal 
millionsT  You  may  think  that  there  are  other  more  important  difEeiescea  between 
you  and  an  ape,  auch  as  being  able  to  speak,  and  make  machines,  and  know  right  from 
wrong,  and  say  your  prayers,  and  other  little  raatteie  of  tiiat  kind;  but  that  is  only  a 

'  DlBcimkm Da  tbs"Orlgln of  llamnuli"  at  the me«tfaigao(B«Mliii]I>(Brlt.Aao«.  Reports,  lBU,p.4H}> 


EVOLUTIOK  Oy  MAN — SMITH.  657 

child'B  bmcy,  1117  dear.  Nothing  is  to  be  depended  vpcai  but  the  gteU  hippopotamiu 
tert.    If  you  have  a  hippopoUmiu  major  in  your  biain,  jrou  are  uo  ape,  though  you 

had  four  hands,  no  feet,  and  vers  mora  apeiah  than  the  apes  of  all  aperiea.  Always 
remember  that  the  one  true,  certain,  final,  and  all-important  diSerence  between  you 
and  an  ape  is  that  you  have  a  hippopotamus  major  in  your  brain  and  it  has  none.  It 
a  hippopotamus  was  digcovend  i^  an  aj»'a  brain,  lAy,  It  would  not  be  one,  you  kncpv, 
but  someQiiiig  alae. 

The  measure  of  the  futility  of  the  contention  thus  held  up  to  scorn 
can  be  more  justly  realized  now;  for  some  years  ago  I  disooTsred  that 
the  feature  referred  to  in  Kingsleys  burlesque  phrase,  "hippopotamus 
major,"  which  Owen  claimed  to  be  distinctive  of  the  human  brain, 
and  Huxley  maintained  was  present  also  in  apes,  is  quite  a  primitive 
charactenstic,  and  the  common  property  of  the  mammalia  in  general. 

This  illustration  of  the  nature  of  the  discussions  which  distracted 
attention  from  the  real  problems,  althou^  the  most  notorious  one, 
is  unfortunately  characteristic  of,  the  state  of  aflairs  that  prevailed 
when  prejudice  blinded  men's  eyes  to  the  obvious  facts  that  were 
calling  so  urgently  for  calm  investigation. 
UAN'S  PEDIGREE. 

No  one  who  is  familiar  with  the  anatomy  of  man  and  the  apes  can 
refuse  to  admit  that  no  hypothesis  other  than  that  of  dose  kinahipi 
affords  a  reasonable  or  creditable  explanation  of  the  extraordinarily; 
exact  identity  of  structure  that  obtains  in  most  parts  of  the  bodies  - 
of  man  and  the  gorilla.  To  deny  the  validity  of  this  evidence  of 
near  kinship  is  tantamount  to  a  confession  of  the  utter  uaelessness  of 
the  facts  of  comparative  anatomy  as  indications  of  genetic  relation- 
ships, and  a  reversion  to  the  obscurantism  of  the  dark  ages  of  biology. 
But  if  anyone  still  harbors  an  honest  doubt  in  the  face  of  this  over- 
whelming testimony  from  mere  structure,  the  reactions  of  the  blood 
will  confirm  the  teaching  of  anatomy;  and  the  susceptibiUty  of  the 
anthropoid  apes  to  the  infection  of  human  diseases,  from  which  other 
apes  and  mammals  in  general  are  immune,  should  complete  and  clinch 
the  proof  for  all  who  are  willing  to  be  convinced. 

Nor  can  anyone  who,  with  an  open  mind,  applies  similar  testa  to 
the  gibbon  refuse  to  admit  that  it  is  a  true,  if  very  primitive,  anthro- 
poid ape,  nearly  related  to  the  common  ancestor  of  man,  the  gorilla, 
and  the  chimpanzee.  Moreover,  its  structure  reveals  indubitable 
evidence  of  its  derivation  from  some  primitive  Old  World  or  catar- 
rliine  monkey  akin  to  the  ancestor  of  the  langur,  the  sacred  monkey 
of  India.  It  is  equally  certain  that  the  catarrhine  apes  were  derived 
from  some  primitive  platyrrhine  ape;  the  other,  lessmodified,  descend- 
ants of  which  we  recognize  in  the  South  American  monkeys  of  the 
present  day;  and  that  the  common  ancestor  of  all  these  primates 
was  a  lemuroid  nearly  akin  to  the  curious  little  spectral  tarsier, 
which  still  haunts  the  forests  of  Borneo,  Java,  and  tlie  neighboring 
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islands,  and  awakens  in  the  minds  of  the  peoples  of  those  lands  a 
superstitious  dread — a  sort  of  instinctive  horror  at  the  sight  of  the 
ghost-like  representative  of  their  first  primate  ancestor. 

This  much  of  man's  pedigree  will,  I  think,  be  admitted  by  the  great 
majority  of  zoologists  who  are  familiar  with  the  facts;  but  I  believe 
we  can  push  the  line  of  ancestry  still  further  back,  beyond  the  most 
prunitive  primate  into  Haeckel's  suborder  Menotyphla7~j  whic^ 
most  zoologists  regard  as  constituting  two  families  of  insectivora. 
I  need  not  stop  to  give  the  evidence  for  this  opinion,  for  most  of  the 
data  and  arguments  in  support  of  it  K&ve  recently  been  summarized 
most  excellently  by  Dr.  W.  K.  Gregory.' 

This  group  includes  the  oriental  tree  shrews  and  the  African 
jumping  shrews.  The  latter  (Macroscelididee),  living  in  the  original 
South  African  home  of  the  mammalia,  present  extraordinarily  primi- 
tive  features  linking  them  by  close  bonds  of  affinity  to  the  marsupials. 
The  tree  shrews  (Tupaiidse),  however,  which  range  from  India  to 
Java,  while  presenting  very  definite  evidence  of  kinship  to  their 
humble  African  cousins,  also  display  in  iho  structure  of  their  bodies 
positive  evidence  of  relationship  to  the  etem  of  the  aristocratic 
primate  phylum. 

Quite  apart  from  the  striking  similarities  produced  by  identical 
habits  and  habitats,  there  are  many  structural  identities  in  the  tree 
shrews  and  lemuroids,  not  directly  associated  with  such  habits,  which 
can  be  interpreted  only  as  evidences  of  affinity. 


Having  now  sketched  the  broad  lines  of  man's  pedigree  right  back 
to  the  most  primitive  mammals,  let  us  next  consider  what  were  the 
outstanding  factors  that  determined  the  course  of  his  ancestors' 
progressive  evolution. 

The  class  mammalia,  to  which  man  belongs,  is  distinguished  in 
structure  from  all  other  vertebrates  mainly  by  the  size  and  high 
development  of  the  brain,  and,  as  regards  the  behavior  of  its  membeiB, 
by  the  fact  that  they  are  able  in  immeasurably  greater  degree  than 
all  other  animals,  not  excluding  even  birds,  to  profit  by  individual 
experience.  The  behavior  oj  most,  or  perhaps  it  would  be  more 
correct  to  say  all,  animals,  however  complex  and  nicely  adapted  to 
their  circumstances  it  may  seem,  is  essentially  instinctive;  and  the 
main  problem  we  have  to  solve,  in  attempting  to  explain  the  emer- 
gence of  the  distinctive  attributes  of  the  creature  which  in  greater 
measure  than  any  other  has  succeeded  in  subordinating  its  instincts 
to  reason,  is  the  means  by  which  it  has  become  possible  tor  the  effects 
'  of  individual  experience  to  be  brought  to  bear  upon  conduct. 
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The  ability  to  leam  by  experience  neceBsarily  implies  the  develop- 
ment, somewhere  in  the  brain,  of  a  something  which  can  act  not  only 
as  a  receptive  oi^an  for  impressions  of  the  senses  and  a  means  for 
securing  that  thaix  infiuence  will  find  expression  in  modifying  be- 
havior, but  also  serve  in  a  sense  as  a  recording  apparatus  for  storing 
such  impressions,  so  that  they  may  be  revived  in  memory  at  some 
future  time  in  association  with  other  impressions  received  simul- 
taneously, the  state  of  consciousness  they  evoked,  and  the  response 
they  called  forth. 

Such  an  organ  of  associative  memory  is  actually  found  in  the  brain 
of  mammals.  It  is  the  cortical  area  to  which  11  years  ago  I  applied 
the  term  "neopallium."^  Into  it  pathways  lead  from  all  the  sense 
organs;  and  each  of  its  territories,  which  receives  a  definite  kind  of 
impression,  visual,  acoustic,  tactile,  or  any  other,  is  linked  by  the 
most  intimate  bonds  with  all  the  othera.  In  spite  of  the  disapproval 
of  the  psychologists,  we  can  indeed  regard  the  neopaUium  as  fulfilling 
all  the  conditions  of  the  aenaorvam  eommuru,  which  Aristotle  and 
many  generations  of  philosophers  have  sought  for  20  centuries;  for  it 
is  unquestionably  a  "unitary  organ  the  physical  processes  of  whidi 
might  be  regarded  as  corresponding  to  the  unity  of  consciousness," 
(Wm.  MacDougaU.) 

Nothing  that  happens  in  this  area  in  the  course  of  its  enormous 
expansion  and  differentiation  m  the  higher  mammals  materially  affects 
this  fundamental  purpose  of  the  neopallium,  which  continues  to 
remain  a  unifying  organ  that  acts  as  a  whole,  though  each  part  is 
favorably  placed  to  receive  and  transmit  to  the  rest  its  special  quota 
to  the  sum  total  of  what  we  may  call  the  materials  of  'conscious  life, 
■■  The  consciousness  which  resides,  so  to  speak,  in  this  neopalliimi, 
and  is  fed  by  the  continual  stream  of  sensory  impressions  pouring 
into  it  and  awakening  memories  of  past  sensations,  can  express  itself 
directly  in  the  behavior  of  the  animal  through  the  intermediation  of 
a  part  of  the  neopallium  itself,  the  sD-called  motor  area,  which  is 
not  only  kept  in  intimate  relation  with  the  muscles,  tendons,  and 
skin  by  sensory  impressions,  but  controls  the  voluntary  responses 
of  the  muscles  of  the  opposite  side  of  the  body. 


The  possession  of  this  higher  type  of  brain  enormously  widened 
the  scope  for  the  conscious  and  intelligent  adaptation  of  the  animal 
to  varying  surroundings,  and  in  the  exercise  of  this  nawYy  acquired 
ability  to  leam  from  individual  experience,  and  so  appreciate  the 
possibilities  of  fresh  sources  of  food  sapply  and  new  modes  of  life, 
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the  way  vaa  opened  for  an  infinite  series  of  adaptations  to  varying 
environmente,  entailing  structural  modifications  in  vliich  the 
enhanced  plasticity  of  the  new  type  of  animal  found  expression. 

Kature  tried  innumerable  experiments  with  the  new  type  of  brain 
almost  as  soon  as  the  bumble  Therapsid-lilce  mammal  felt  the  impe- 
tus of  ita  new-found  power  of  adaptation.  In  turn  the  Prototherian 
and  Metatherian  types  of  brain  were  tried  before  the  more  adaptable 
scheme  of  the  KutJierian  brain  was  evolved. 

The  new  breed  of  intelligent  creatures  rapidly  spread  from  thor 
South  African  home  throughout  the  whole  world  and  exploited  every 
mode  of  livelihood.  The  power  of  adaptation  to  the  particular 
kind  of  life  each  group  chose  to  pursue  soon  came  to  be  expressed 
in  a  bewildering  variety  of  specializations  in  structure,  some  for 
Hving  on  the  earth  or  burrowing  in  it,  others  for  livii^  in  trees  or 
even  for  flight;  others,  again,  for  an  aquatic  existence.  Some 
mammals  became  Seet  of  foot  and  developed  limbs  specially  adapted 
to  enhance  their  powers  of  rapid  movement.  They  attained  an 
early  preeminence  and  were  able  to  grow  to  laif^  dimensions  in 
the  slow-moving  world  at  the  dawn  of  the  age  of  mammals.  Others 
developed  limbs  specially  adapted  for  swift  attack  and  habits  of 
stealth  successfully  to  prey  upon  their  defenseless  relatives. 

Most  of  these  groups  attained  the  immediate  success  that  often 
foUowB  upon  ear^  specialization,  but  they  also  paid  the  inevitable 
penalty.  Th^  became  definitely  committed  to  one  particular 
kind  of  life,  and  in  so  doing  they  had  sacrificed  their  primitive 
simplicity  and  plasticity  of  structure  and  in  great  measure  their 
adaptabiUty  to  new  conditions.  The  retention  of  primitive  char- 
acters, which  so  many  writers  upon  biological  subjects,  and  espe- 
cially upon  anthropology,  assume  to  he  a  s^  of  degradation,  is  not 
really  an  indication  of  lowliness.  We  should  rather  look  upon  high 
specialization  of  limbs  and  the  narrowing  of  the  manner  of  Hving 
to  one  particular  groove  as  cDnfessiona  of  weakness,  the  renuncia- 
tion of  the  wider  Hfe  for  one  that  is  sharply  circumscribed. 
f  The  stock  from  which  man  eventually  eme^ed  played  a  very 
humUe  rOle  for  long  ages  after  many  other  mammalian  orders  had 
'  waxed  great  and  strong.  But  the  race  is  not  always  to  the  swift, 
and  the  lowly  group  of  mammab  which  took  advantage  of  its 
insignificance  to  develop  its  powers  evenly  and  very  gradually 
without  sacrificing  in  narrow  specialization  any  of  its  possibilities 
of  future  achievonent,  eventually  gave  birth  to  the  dominant  and 
most  intelligent  of  all  livii^  creatures. 

The  tree  shrews  are  small  squirret-like  animals  which  feed  on 
"insects  and  fruit,  which  the^  usually  seek  in  trees,  but  also  occa- 
sionalt^  on  the  ground.  When  feeding,  they  often  sit  on  their 
haunches,  holding  the  food,  after  the  manner  of  squirrels,  in  their 
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fore  paws."  '  They  are  of  "lively  disposition  and  great  agility." ' 
Theee  vivacious,  large-brained  little  insectivores,  linked  by  mani- 
fold bonds  of  relationship  to  some  of  the  lowliest  and  most  primitive 
oiammalB,  present  in  the  structare  of  their  skull,  teeth,  and  limbs 
undoubted  evidence  of  kinship,  remote  though  none  the  less  sure, 
with  their  compatriots  the  iK^Lylaysian  lemuis,  and  it  is  singulaiiy 
fortunate  for  tis  in  this  inquiry  that  side  by  side  there  should  have 
been  preserved  from  the  remot«  Eocene  times,  and  possibly  earlier 
still,  these  insectivores,  which  had  almost  become  primatee,  and  a 
little  primitive  lemuroid,  the  spectral  tarsier,  which  had  only  just 
assumed  the  characters  of  ihe  primate  stock,  when  nature  fixed 
their  types  and  preserved  them  tliroughout  the  ages,  with  relatively 
slight  change,  for  us  to  study  at  the  present  day. 

Thus  we  are  able  to  investigate  the  influence  of  an  arboreal  mode 
of  life  in  stimulating  the  progressive  development  of  a  primitive 
m^mmAl  and  to  appreciate  precisely  what  changes  were  necessary 
to  convert  the  lively,  ^:ile  Ftilocercus-like  ancestor  of  the  primates 
into  a  real  primate. 

In  the  forerunners  of  the  mammalia  the  cerebral  hemisphere  was 
predominantly  olfoctoiy  in  function,  and  even  when  the  true  mam- 
mal emei^d  and  all  the  other  senses  received  due  representation 
in  the  neopallium  the  animal's  behavior  was  still  influenced  to  a 
much  greater  extent  by  smell  impressions  than  by  those  of  the  other 
senses. 

This  was  due  not  only  to  the  fact  that  the  sense  of  smell  had 
already  installed  its  instruments  in  and  taken  firm  possession  of 
the  cerebral  hemisphere  long  before  the  advent  in  this  dominant 
part  of  the  brain  of  any  adequate  representation  of  the  other  senses, 
but  also,  and  chiefly,  because  to  a  small  land-grubbing  animal  the 
guidance  of  smell  impressions,  whether  in  the  search  for  food  or  as 
a  means  of  recognition  of  friends  or  enemies,  was  much  more  serv- 
iceable than  all  the  other  senses.  Thua  the  small  creature's  mental 
life  was  lived  essentially  in  an  atmosphere  of  odors,  and  every  object 
in  the  outside  world  was  judged  primarily  and  predominantly  by 
its  smell.  The  senses  of  touch,  vision,  and  hearing  were  merely 
auxiliary  to  the  compelling  influence  of  smell. 

Once  such  a  creature  left  the  solid  earth  and  took  to  on  arboreal 
life  aU  this  was  changed,  for  away  from  the  ground  the  guidance 
of  the  olfactory  sense  lost  much  of  its  usefulneaa.  Life  amidst  the 
brandies  of  trees  limits  the  usefulness  of  olfactory  oi^gans,  but  it 
is  favorable  to  the  high  development  of  vision,  touch,  and  hearing. 
Moreover,  it  demands  an  agility  and  quickness  of  movement  that 
necessitates  an  efficient  motor  cortex  to  contrcj  and  coordinate 
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such  actions  as  an  arboreal  mode  of  life  damuidB  (and  secures,  by 
the  surviTal  only  of  those  so  fitted)  and  also  a  well-developed  mus- 
cular sensibility  to  enable  such  acts  to  be  carried  out  with  precision 
and  quickness.  In  the  stru^le  for  eadst^ice,  therefore,  all  arboreal 
mammala,  such  as  the  tree  shrews,  suffw  a  marked  dimioutioa  oS 
their  olfactory  apparatus  and  develop  a  considerable  neopallium  in 
which  relatively  large  areas  are  given  up  to  visual,  tactile,  acoustic, 
kineesthetic,  and  motor  functions,  as  well  as  to  the  purpose  of  pro- 
viding a  mechanism  for  mutual^  blending  in  conscioiisness  the 
effects  of  the  impreeaioos  pouring  in  through  the  avenues  of  these 
senses. 

Thus  a  more  equable  balance  of  the  representation  of  the  senses 
is  brought  about  in  the  lai^e  brain  of  the  arboreal  animal,  and  its 
mode  of  life  encourages  and  makee  indispensable  the  acquisition  of 
agility.  Moreover,  these  modifications  do  not  interfere  with  the 
primitive  characters  of  limb  and  body.  These  small  arboreal  crea- 
tures were  thus  free  to  develop  their  brains  and  maintain  all  the 
plasticity  of  a  generalized  structure,  which  eventually  enabled  them 
to  go  far  in  the  process  of  adaptation  to  almost  any  circumstances 
that  presented  themselves. 

Amongst  the  members  of  this  group,  as  in  all  the  other  mam- 
malian phyla,  the  potency  of  the  forces  of  natural  selection  wag 
immeiuely  enhanced  by  the  fact  that  the  inquisitiveness  of  an  ani- 
mal which  can  learn  by  experience — i.  e.,  is  endowed  with  intelli- 
gence— ^was  leadit^  theee  plastic  insectivores  into  all  kinds  of  situa^- 
tions  which  were  favorable  for  the  operation  of  selection.  Various 
members  of  the  group  became  specialized  in  different  ways.  Of 
such  specialized  strains  the  one  of  chief  interest  to  us  is  that  in 
which  the  sense  of  vision  became  especially  sharpened. 

THE  ORIGIN  OP  PRIMATES. 

Toward  the  close  of  the  Cretaceous  period  some  small  arboreal 
shrew-like  creature  took  another  step  in  advance,  which  was  bought 
with  the  most  far-reaching  consequences,  for  it  marked  the  birth  of 
the  primates  and  the  definite  branching  off  from  the  other  mammals 
of  the  line  of  man's  ancestry. 

A  noteworthy  further  reduction  in  the  size  of  the  olfactory  parte  of 
the  brain,  auch  as  is  seen  in  that  of  Tarsius,*  quite  emancipated  the 
(^■eature  from  the  dominating  influence  of  olfactory  impressions,  the 
sway  of  which  was  already  shaken,  but  not  quite  overcome  when  its 
tupaioid  ancestor  took  to  an  arboreal  life.  This  change  was  asso- 
<aated  with  an  enormous  development  of  the  visual  cortex  in  tbe  neo- 
pallium, which  not  only  increased  in  extent  so  as  far  to  exceed  that 
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o{  Tupaia,  but  also  became  more  highly  spetaalized  in  structure. 
Thus,  in  the  prumtive  primate,  vision  entirely  usurped  the  controlling 
place  once  occupied  by  smell;  but  the  significance  of  this  change  is 
not  to  be  measured  merely  as  the  substitution  of  one  sense  (or  another. 
Tlie  visual  area  of  cortex,  unlike  the  olfactory,  re  part  of  the  neo- 
pallium, and  when  its  importance  thus  became  enhanced  the  whole 
of  the  neopallium  felt  the  influence  of  the  changed  conditions.  The 
sense  of  touch  also  shared  in  the  effects,  for  tactile  impressions  and 
the  related  kintesthetic  sensibility,  the  importance  of  which '  to  an 
^ile  tree-living  animal  is  obvious,  assist  vision  in  the  conscious  ap- 
preciation of  the  nature  and  the  various  properties  of  the  things  seen, 
and  in  learning  to  perform  agile  actions  which  are  guided  by  vision. 

An  arboreal  life  also  added  to  the  importance  of  the  sense  of  hear- 
ing; and  the  cortical  representation  of  this  sense  exhibits  a  note- 
worthy increase  in  the  primates,  the  significance  of  which  it  would 
be  difficult  to  exa^erate  in  the  later  stages,  when  the  simian  are 
giving  place  to  the  distinctively  human  characteristics. 

The  high  specialization  of  the  sense  of  sight  awakened  in  the 
creature  the  cmiosity  to  examine  the  objects  around  it  with  closer 
minuteness,  and  supplied  guidance  to  the  hands  in  executing  more 
precise  and  more  skilled  movements  than  the  tree  shrew  attempts. 
Such  habits  not  only  tended  to  develop  the  motor  cortex  itself, 
trained  the  tactile  and  kineesthetic  senses,  and  linked  up  their  cortical  . 
areas  in  bonds  of  more  intimate  associations  with  the  visual  cort«x, 
but  they  stimulated  the  process  of  specialization  within  or  alongside 
the  motor  cortex  of  a  mechanism  for  regulating  the  action  of  that 
cortex  itself — an  oi^an  of  attention  which  coordinated  the  activitiee 
of  the  whole  neopallium  so  as  the  more  efficiently  to  regulate  the 
various  centers  controUing  the  muscles  of  the  whole  body.  In  this 
way  not  only  is  the  guidance  of  all  the  senses  secured,  but  the  way  is 
opened  (or  all  the  muscles  of  the  body  to  act  harmoniously  so  as  to 
permit  the  concentration  of  their  action  for  the  performance  at  one 
moment  of  some  delicate  and  finely  adjusted  movement. 

In  some  such  way  as  this  there  was  evolved  from  the  motor  area 
itaelf,  in  the  form  of  fsn  outgrowth  placed  at  first  immediately  in  front 
of  it,  a  formation,  which  attains  much  larger  dimensions  and  a  more 
pronounced  specialization  of  structure  in  the  primates  than  in  any 
oihse  order ;  it  is  the  germ  of  that  great  prefrontal  area  of  the  human 
brain  which  is  said  to  be  "concerned  with  attention  and  the  general 
orderly  coordination  of  psychic  processes,"  *  and  an  such  is,  in  far 
greater  measure  tluui  any  ot^er  part  of  the  brain,  deserving  of  being 
regarded  as  the  seat  of  the  higher  mental  faculties  and  the  crowning 
glory  and  distinction  of  the  human  fabric. 
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[By  means  of  lanteni  slides  representing  Dr.  ScharS's  coDvincuig 
elucidation  of  iJie  modifications  of  tli«  land  connections  durizi^ 
Tertiary  times,  a  demonstration  was  given  of  ^iie  wanderings  of  th.e 
primates,  which  the  facts  of  paleontology  and  comparative  anatomy 
demand;  the  object  being  to  direct  attention  to  the  fact  that  at  each 
stage  in  the  migrataons  of  man's  ancestors,  menotyphlous,  prosimian, 
pUtyrrhine,  catarrhine,  and  anthropoid,  the  unprogressive  members 
remained  somewhere  in  the  neighborhood  of  the  home  of  their  imme- 
diate anoeetoTB,  and  that  thoae  which  wandered  into  new  surroundings 
had  to  struggle  for  their  footing,  and  as  the  result  of  this  striving 
attained  a  higher  rank. 

Other  slides  were  shown  to  demonstrate  the  fact  that  in  this  series 
of  primates  there  was  a  steady  development  of  the  brain — expansion 
and  differentiation  of  the  visua],  tactile,  an<^  auditory  cent^,  and 
development  of  the  meeting  territory  between  them;  a  marked 
growth  and  specialization  of  the  motor  centers,  and  the  power  of 
skilled  movements,  especially  of  the  hands  and  fingers;  aixd  a  r^ular 
expansion  of  the  prefrontal  area — along  the  lines  marked  out  once 
for  all  when  the  first  primate  was  formed  from  some  menotyphlous 
progenitor.] 

Thus  the  outstanding  feature  in  the  gradual  evolution  of  the  pri- 
mate brain  is  a  steady  growth  and  differentiation  of  precisely  those 
cortical  areas  which  took  on  an  enhanced  importance  in  the  earliest 
primates. 

So  far  in  this  address  I  have  been  delving  into  the  extremely  re- 
mote, rather  than  the  nearer,  ancestry  of  man,  because  I  believe  the 
germs  of  his  intellectual  pre^ninenoe  were  sown  at  the  very  dawn  of 
the  Tertiary  period,  when  the  first  anaptomorphid  began  to  rely  upon 
vision  rather  than  smell  as  its  guiding  sense.  Zn  all  the  aucceechng 
ages  since  that  remote  time  the  fuller  cultivation  of  the  means  of 
profiting  by  expoieoce,  which  the  tarsioid  had  adopted,  led  to  the 
steady  upward  progression  of  the  primates.  From  time  to  time 
many  individuals,  finding  themselves  amidst  BiUToundings  which 
were  thoroughly  congenial  and  called  for  no  effort,  la^;ed  behind; 
and  in  Tarsius  and  the  lemurs,  the  Kew  Wotid  monkeys,  the  Old 
World  monkeys,  and  the  anthropoids,  not  to  mention  the  extinct 
forms,  we  find  preserved  a  eeries  of  these  laggards  which  have  turned 
aside  from  the  hi^way  which  led  to  man's  estate. 

The  primates  at  first  w&b  a  small  and  humble  folk,  who  led  a  quiet, 
unobtrusive,  arid  safe  life  in  the  branches  of  trees,  taking  small  part 
in  the  fierce  competition  for  size  and  supremacy  that  was  being  wa^ 
'Upon  the  earth  beneath  them  by  their  carnivorous,  ungulate,  and 
other  brethren.  But  all  the  time  they  were  cultivating  th^  equable 
development  of  all  their  senses  and  limbs,  and  that  speciat  develop- 
ment of 'the  more  intellectually  useful  faculties  of  the  mind  whi(^  in 
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the  long  Tan,  were  to  make  th«m  the  progemtors  of  the  dominajit 
mammal — the  mammal  which  was  to  obtain  the  supr8ma(gr  over  all 
others,  while  still  retaining  much  of  the  primitive  structure  of  limb 
that  his  competitors  had  sacrificed.  It  ia  important,  then,  to  keep 
in  mind  that  the  retention  of  primitive  characters  is  often  to  be  looked 
upon  as  a  token  that  their  possessor  has  not  been  compelled  to  turn 
aside  from  the  strait  path  and  adopt  protective  specializations, 
but  has  been  able  to  preserve  some  of  his  primitivenesa  and  the 
plasticity  associated  with  it,  precisely  because  he  has  not  succumbed 
or  fallen  away  in  the  stru^le  for  snpremaoy.  It  is  the  wider  triumph 
of  the  individual  who  specializes  late,  after  benefitmg  by  the  many- 
sided  experience  of  early  life,  over  him  who  in  youth  becomes  tied 
to  one  narrow  calling. 

In  many  respects  man  retains  more  of  the  primitive  characteristdcs, 
for  example,  in  his  hands,  than  his  nearest  simian  relatives;  and  in  the 
supreme  race  of  mankind  many  traits,  such  as  abundance  of  hair; 
persist  to  suggest  pithecoid  affinitiee,  which  have  been  kist  by  the 
more  specialized  negro  and  other  races.  Those  anthropologiBts  ^o 
use  the  retention  of  primitive  features  in  the  Nordic  European  as  an 
Mgument  to  exalt  the  o^ro  to  equality  with  him  are  neglecting  the 
clear  teaching  of  comparative  anatcHuy,  that  the  persistence  of 
primitive  traits  is  often  a  sign  of  strength  rathw  than  of  weakness. 
This  factor  runs  through  the  history  of  the  whole  animal  kingdom.^ 
Man  is  the  ultimate  product  of  that  line  of  ancestry  which  was  never  j 
compelled  to  turn  aside  and  adopt  protective  specialization  either  of 
structure  or  mode  of  life,  which  would  be  fatal  to  its  plasticity  and 
power  of  further  development. 

Having  now  examined  the  nature  of  the  factors  that  have  made  a 
primate  from  an  insectivore  and  have  tranfifonned  a  tardoid  pro- 
simian  into  an  ape,  let  us  turn  next  to  consider  how  man  himself  was 
fashioned. 

THE  ORIGIN  OF  MAN. 

It  is  the  last  stage  in  the  evolution  of  man  that  has  always  excited 
chief  interest  and  has  been  the  subject  of  much  speculation,  as  the 
addresses  of  my  predecessors  in  this  presidency  bear  ample  witness. 

These  discussions  usually  resolve  themselves  into  the  consideration 
of  such  questions  as  whether  it  was  the  growth  of  the  brain,  the  acqui- 
sition of  the  power  of  speech,  or  the  assumption  of  the  erect  attitude 
that  came  first  and  made  the  ape  into  a  human  being.  The  case  for 
the  erect  attitude  was  ably  put  before  the  association  in  the  address 
deHvered  to  this  section  by  Dr.  Munro  in  1893.  He  ai^ed  that  the 
hberation  of  the  hands  and  the  cultivation  of  their  skill  lay  at  the 
root  of  man's  mental  supremacy. 
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If  the  erect  attitude  is  to  explain  all,  why  did  not  the  gibbon 
become  a  man  in  Miocene  timea !  The  whole  of  my  argument  has 
aimed  at  demonstrating  that  the  steady  growth  and  epecialization 
of  the  brain  has  been  the  fundamental  factor  in  leading  man's  ances- 
tora  step  by  step  right  upward  from  the  lowly  insectiTore  status,  nay, 
further,  Uurough  every  earlier  phase  in  the  evolution  of  mammals — for 
man's  brain  represents  the  consummation  of  pretasely  those  factors 
which  throughout  the  vertebrata  have  brought  their  possessors  to 
the  crest  of  the  wave  of  progress.  But  suoh  advances  as  the  assump- 
tion of  the  erect  attitude  are  brought  about  simply  because  the  brain 
has  made  skilled  movements  of  the  hands  possible  and  of  definite  use 
in  the  stru^e  for  existence;  yet  once  such  a  stage  has  been  attained 
the  very  act  of  Uberating  the  hands  for  the  performance  of  mors 
dehcate  movements  opens  the  way  for  a  further  advance  in  brain 
development  to  make  the  most  of  the  more  favorable  conditions  and 
the  greater  potentialities  of  the  hands. 

It  is  a  fact  beyond  dispute  that  the  divergent  specialization  of  ths 
human  Umbe,  one  pair  for  progression,  and  the  other  for  prehension 
and  the  more  delicatdy  adjusted  skilled  action,  has  played  a  large 
part  in  preparing  the  way  for  the  emergence  of  the  distinctly  human 
characteristics;  but  it  would  be  a  fatal  mistake  imduly  to  magnify  the 
influence  of  these  developments.  The  most  primitive  living  primate, 
the  spectral  tarsier,  frequently  assumes  the  erect  attitude,  and  uses 
its  hands  for  prehension  rather  than  progression  in  many  of  ita  acta, 
and  many  other  lemurs,  such  as  the  Indrisinte  of  Madagascar,  can  and 
do  walk  erect. 

In  the  remote  Oligocene,  a  catarrhine  ape,  nearly  akin  to  the 
ancestors  of  the  Indian  sacred  monkey,  Semnopithecus,  became 
definitely  specialized  in  structure  in  adaptation  for  the  assumption 
of  the  erect  attitude;  and  this  type  of  early  anthropoid  has  persisted 
with  relatively  slight  modifications  in  the  gibbon  of  the  present  day. 
But  if  the  earliest  ^bbons  were  already  able  to  walk  upright,  how  is 
it,  one  might  ask,  that  they  did  not  begin  to  use  their  hands,  thus 
freed  from  the  work  of  progression  on  the  earth,  for  skilled  work,  and 
at  once  before  meat  The  obvious  reason  is  that  t^e  brain  had  not 
yet  attained  a  sufficiently  high  stage  of  development  to  provide  a 
sufficient  amount  of  useful  skilled  work,  apart  from  the  tree  climbing, 
for  these  competrait  hands  to  do. 

The  ape  is  tied  down  absolutely  to  his  experience,  and  has  only  a 
very  limited  ability  to  anticipate  the  results  oven  of  relatively  simple 
actions,  because  so  large  a  proportion  of  his  neopaUium  is  under  the 
dominating  influence  of  the  senses. 

Without  a  fuller  appreciation  of  the  consequences  of  its  actions 
than  the  gibbon  is  capable  of,  the  animal  is  not  competent  to  make 
the  fullest  use  of  the  skill  it  undoubtedly  possesses.    What  is  implied 
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in  acquiring  thia  fuller  appreciation  of  the  meaning  of  events  taking 
place  around  the  animal  1  The  state  of  consciousness  awakened  by  a 
simple  sensory  stimulation  is  not  merely  an  appreciation  of  the 
physical  properties  of  the  object  that  supplies  the  stimulus;  the 
object  simply  serves  to  bring  to  coQsciouanees  the  results  of  experience 
of  similar  or  contrasted  stimulations  in  the  past,  as  well  as  the  feelings 
aroused  by  or  associated  with  them,  and  the  acts  such  feelings  excited. 
This  mental  enrichment  of  a  mere  sensation  so  that  it  acquires  a  very 
precise  and  complex  meaning  is  poamble  only  because  the  individual 
has  this  extensive  experience  to  fall  back  upon;  and  the  faculty  of 
acquiring  such  experience  applies  the  possession  of  lai^e  neopallial 
areas  for  recording,  so  to  speaks  these  sensation  factors  and  the 
feelings  associated  with  them.  The  "meaning"  which  each  creatore 
can  attach  to  a  sensory  impression  presumably  depends,  not  on  its 
experience  only,  but  more  especially  upon  the  neopaUial  provision  in 
its  brain  for  recording  the  fruits  of  such  experience. 

Judged  by  thia  standard,  the  human  brain  bears  ample  witness,  in 
the  expansion  of  the  great  temporo-parietal  area,  which  so  obviously 
has  been  evolved  from  the  regions  into  which  visual,  auditory,  and 
tactile  impulses  are  poured,  to  the  perfection  of  the  physical  counter^ 
part  of  the  enrichment  of  mental  structure,  which  is  the  fundamental 
characteristic  of  the  human  mind. 

The  second  factor  that  came  into  operation  in  the  evolution  of  the 
human  brain  is  merely  the  culmination  of  a  process  which  has  been 
steadily  advancing  throughout  the  primates.  I  refer  to  the  high 
state  of  perfection  of  the  cortical  regulation  of  skilled  movements, 
many  of  which  are  acquired  by  each  individual  in- response  to  a  com- 
pelling instinct  that  forces  every  normal  himian  being  to  work  out 
his  own  salvation  by  perpetually  striving  to  acquire  such  manual 
dexterity. 

This  brings  us  to  the  consideration  of  the  nature  of  the  factors  that 
have  led  to  the  wide  differentiation  of  man  from  the  gorilla.  Why  is 
it  that  these  two  primates,  structurally  so  similar  and  derived  simul- 
taneously from  common  parents,  should  have  become  separated  by 
such  on  enormous  chasm,  so  far  as  their  mental  abilities  are  concerned  t 

There  can  be  no  doubt  that  tiiis  process  of  differentiation  is  of  the 
same  nature  as  those  which  led  one  branch  of  the  Eocene  tarsioids 
to  become  monkeys  while  the  other  remained  prosinun;  advanc«d 
one  group  of  primitive  monk^s  to  the  catarrhine  status,  while  the 
rest  remained  platyrrhine;  and  converted  one  division  of  the  Old 
World  apes  into  'anthropoids,  while  the  others  retained  their  old 
status.  Put  into  this  form  as  an  obvious  truism,  the  conclusion  is 
suggested  that  the  chaises  which  have  taken  place  in  the  brun  to 
convert  an  ape  into  man  are  of  the  same  nature  as,  and  may  be 
looked  upon  merely  as  a  continuation  of,  those  procesaes  of  ^volution 


668  ANNUAL  KBPOBT  BMITHSONIAK  INSTITUTION,  1912. 

whidi  we  haTe  been  examining  in  the  lowlier  monberB  of  the  primate 
Beries.  It  was  not  the  adoption  of  the  erect  attitude  or  ihs  invention 
of  articulate  language  that  made  man  from  an  ape,  but  the  gradual 
perfecting  of  the  brain  and  the  slow  upbuilding  of  the  mental  struo- 
ture,  of  which  erectnees  of  carriage  and  speech  are  some  of  the  inci- 
dental manifeetations. 

The  ability  to  perform  skilled  moremeDte  is  conducive  to  a  marked 
enrichment  of  tlw  mind's  structure  and  the  high  development  of  the 
neopallium,  which  is  the  material  expreasiou  of  that  enrichment. 
There  are  several  reasons  wl^  this  should  be  bo.  The  mere  process 
of  laanung  to  execute  any  act  of  skill  necessarily  involvee  the  culti- 
vation, not  only  of  the  musclee  which  produce  the  movement,  and 
the  cortical  area  vdiich  excites  the  actions  of  diese  muscles,  but  in 
even  greater  measure  the  sensory  mechanisms  iu  the  neopallium 
which  are  recaving  impressions  from  the  skin,  the  muscles,  and  the 
erfee,  to  control  the  movements  at  the  moment,  and  incidentally  are 
educating  these  cortical  areas,  stimulating  their  growth,  and  enrich- 
ing the  mental  structure  with  new  elements  of  experience.  Out  of 
the  experience  gained  in  constantly  performing  acts  of  skill  the 
knowledge  of  cause  and  effect  is  eventually  acquired.  Hius  the  high 
specialization  of  the  motor  aiea,  which  made  complicated  actions 
possible,  and  the  great  expansion  <d  the  temporo-porietal  area,  which 
enabled  the  ape-man  to  realise  the  "meaning"  of  events  occurring 
around  it,  reacted  one  upon  the  other,  ao  that  the  creature  came  to 
understand  that  a  particular  act  would  entail  certain  consequences. 
In  other  words,  it  gradually  acquired  the  faculty  of  shaping  its  con- 
duct in  anticipation  of  reaulte. 

Loi^  ages  ago,  possibly  in  the  Miocene,  the  ancestors  common  to 
man,  the  gorilla,  and  the  chimpanzee  became  separated  into  groups, 
and  the  different  conditions  to  which  they  became  exposed  after  th^ 
parted  company  were  in  the  moin  responsible  for  the  contrasts  in 
their  fate.  In  one  group  the  distinctively  piimate  process  of  growth 
and  specialization  of  ihe  brain,  which  had  been  going  on  in  their 
ancestors  for  many  thousands,  even  millions,  of  yeois,  reached  a 
stage  when  the  more  venturesome  members  of  the  group,  stimulated 
perhaps  by  some  local  fulure  of  the  customary  food,  or  maybe  led 
forth  by  a  curiosity  bred  of  their  growing  realization  of  the  possibili- 
tieB  of  the  unknown  worid  beyond  iha  tjves  which  hitherto  had  been 
their  home,  were  impelled  to  issue  forth  from  their  forests,  and  seek 
new  sources  of  food  and  new  surroundings  on  hill  and  plain,  wherever 
thqr  could  obtain  the  sustenance  they  needed.  Tho  other  group, 
perhapa  because  they  happened  to  be  more  favorably  situated  or 
attuned  to  their  surroundings,  living  in  a  land  of  plenty  which  encour- 
i^ed  indolence  in  habit  and  stagnation  of  effort  and  growth,  were 
free  from  this  glorious  unrest,  and  remained  apes,  continuing  to  lead 
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Tery  mudi  tbe  same  kind  of  life  (as  gorillas  and  chimpanzees)  as 
iheii  ancestors  had  been  living  since  the  Miocene  or  even  earlier 
times.  That  both  of  these  unenterprising  relatives  of  man  happen 
to  Uve  in  the  forests  of  tropical  Africa  has  always  seemed  to  me  to 
be  a  strong  a^umeat  in  favor  of  Darwin's  view  that  Africa  was  the 
original  home  of  the  first  creatures  definitely  committed  to  the 
human  careo';  for  while  man  was  evolved  amidst  the  strife  with 
advene  conditions,  the  ancestors  of  the  gorilla  and  chimpanzee  gave 
up  the  struggle  for  mental  supremacy  simply  because  they  were 
satisfied  with  their  circumstancea;  and  it  is  more  likely  than  not  that 
they  did  not  change  their  habitat. 

Ihe  erect  attitude,  infinitely  more  ancient  than  man  himself,  is 
not  the  real  cause  of  man's  emei|;eace  from  the  simian  stage;  but  it 
is  one  of  the  factors  made  use  of  I:^  the  expanding  brain  as  a  prop 
still  further  to  extend  its  growing  dominion,  and  by  fixing  and  estab- 
lishing in  a  more  decided  way  tlus  erectnees  it  liberated  the  hand  to 
become  the  chief  instrument  of  man's  further  progress. 

In  learning  to  execute  movements  of  a  d^ree  of  deUcacy  and 
precision  to  which  no  ape  could  ever  attain,  and  the  primitive  ape- 
man  could  only  attempt  once  bis  arm  was  completely  emancipated 
from  the  necessity  of  being  an  instrument  of  progression,  that  cor- 
tical area  which  seemed  to  serve  for  the  phenomena  of  attention 
became  enhanced  in  importfuice.  Hence  the  prefrontal  region,  where 
the  activities  of  the  cortex  as  a  whole  are,  as  it  were,  focused  and 
regulated,  began  to  grow  until  eventually  it  became  the  moat  di»> 
tinctive  characteristic  of  the  human  brain,  gradually  filling  out  the 
front  of  the  cranium  and  producing  the  distinctively  human  forehead. 
In  the  diminutive  prefrontal  area  of  PitJiecanthropus,*  and  to  a  less 
marked  degree.  Neanderthal  man,*  we  see  illustrations  of  lower 
human  types,  bearing  the  impress  of  their  lowly  state  in  receding 
foreheads  and  great  brow  ridges.  However  large  the  brain  may  be 
in  Homo  primigenias,  bis  small  prefrontal  r^on,  if  we  accept  Boule 
and  Anthony's  statements,  ia  sufficient  evidence  of  his  lowly  state  of 
intelligence  and  reason  for  his  failure  in  the  competition  witJi  the 
rest  of  mankind. 

Tha  growth  in  int^ligence  and  in  the  powers  of  discrimination  no 
doubt  led  to  a  definite  cultivation  of  the  sesthetic  sense,  which, 
operating  through  sexual  selection,  brought  about  a  gradual  refine- 
ment of  the  features,  added  grace  to  the  general  build  of  the  body, 
and  demolished  the  greater  part  of  ita  hury  covering.  It  also  led  to 
an  intensification  of  the  sexual  distinctionB,  especially  by  developing 

■  Eug.  Dubola,  "Rtmarki  upon  tlu  BrafaMUt  ol  Plthecmthropus,"  Proc.  Fourth  loMrait.  Cong. 
ZouL,  Ji-agat,  lB9e,  pubUaiwd  Cuiteldg*,  18W,  p.  SI. 

'Boul*  aod  Aothoiv,  "L'eno^^liils  de  I'bamma  loMBad*  la  CtaBpdl»«iu.B*ldU,"  L'Anthn^Mlagl^ 
tome  32,  No.  3,  mi,  p.  W. 
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in  the  female  localized  deposits  of  fatty  tissue,  not  found  in  the 
apes,  which  produced  profound  alterations  in  the  general  form  of  the 
body. 

RIGHT-HANDEDNESS. 

To  one  who  considers  what  precisely  it  means  to  fix  the  attention 
and  attempt  the  performance  of  some  delicately  adjuated  and  precise 
action  it  must  be  evident  that  one  hand  only  can  be  usefully  employed 
in  executing  the  consdously  skilled  part  in  any  given  movement. 
The  other  hand,  like  the  reet  of  tiie  muscles  of  tiie  whole  body,  can 
be  only  auxiliary  to  it,  assisting,  under  the  influence  of  attention, 
either  passively  or  actively,  in  steadying  the  body  or  helping  the 
dominant  hand.  Moreover,  it  is  clear  that  if  one  hand  is  constant^ 
employed  for  doing  the  more  skilled  work,  it  will  learn  to  perform  it 
more  precisely  and  more  successfully  than  either  would  if  both  were 
trtuned,  in  spite  of  what  ambidextral  enthusiasts  may  say.  Hence 
it  happened  that  when  nature  was  fashioning  man  the  forces  of 
natural  selection  made  one  hand  more  apt  pi  perform  skilled  move- 
ments than  the  other.  Why  precisely  it  was  the  light  hand  that 
was  chosen  in  the  majority  of  mankind  we  do  not  know,  though 
fiooree  of  (matomists  and  others  are  ready  with  explanations.  But 
probably  some  slight  mechanical  advantage  in  the  ciicumstances  of 
the  limb,  or  perhaps  even  some  factor  affecting  the  motor  area  of 
the  left  side  of  the  brain  that  controls  its  movements,  may  have 
inclined  the  balance  in  favor  of  the  right  arm;  and  the  forces  of 
heredity  have  continued  to  perpetuate  a  tendency  long  ago  imprinted 
in  mfm'a  structure  when  first  he  became  human. 

The  fact  that  a  certain  proportion  of  mankind  is  left-handed,  and 
that  such  a  tendency  is  transmitted  to  some  only  of  the  descendants 
of  a  left-handed  person,  might  perhaps  suggest  that  one  half  of 
mankind  was  originally  left-handed  and  the  other  right-handed, 
and  that  the  former  condition  was  recessive  in  the  Mendelian  sense, 
or  that  some  infinitesimal  advantage  may  have  accrued  to  the 
right-handed  part  of  the  original  community,  which  in  time  of  str^s 
spared  them  in  preference  to  left-handed  individuals;  but  the  whole 
problem  of  why  right-handedness  should  be  much  more  common 
than  left-handedness  is  still  quite  obscure.  The  superiority  of  one 
hand  is  as  old  as  mankind,  and  is  one  of  the  factors  incidental  to 
the  evolution  of  man. 

It  is  easily  comprehensible  why  one  hand  shoiild  become  more 
expert  than  the  other,  as  I  have  attempted  to  show;  and  the  fact 
remains  that  it  is  the  right  hand,  controlled  by  the  left  cerebral 
hemisphere,  which  is  specially  favored  in  this  respect.  This  height- 
ened educability  of  the  Geft)  motor  center  (for  the  right  hand)  has 
an  important  influence  upon  the  adjoining  areas  of  the  left  motor 
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cortex.  When  the  ape-maa  attained  a  sufEcient  degree  of  intel- 
ligence to  wish  to  communicate  with  his  fellows  other  than  by  mere 
instinctiTe  emotional  cries  and  grimaces,  such  as  all  social  groups 
of  animals  employ,  the  more  cunning  right  hand  would  naturally 
play  an  important  part  in  such  gestures  and  agaa;  and,  although 
the  muscles  on  both  sides  of  the  face  would  be  called  into  action  in 
such  movements  of  the  features  as  were  intended  to  convey  informa- 
tion to  another  (and  not  merely  to  express  the  personal  feelings  of 
the  individual),  such  bilateral  movements  would  certainly  be  con- 
trolled by  the  left  side  of  the  brain,  because  it  was  already  more 
highly  educated. 

THE  ORIGIN  OF  SPEECH. 

\Tbis  aigument  was  elaborated  to  explain  the  origin  of  speech. 
The  increasing  ability  to  perform  actiooa  demanding  skill  and  deli- 
cacy received  a  great  impetus  when  the  hands  were  liberated  for  the 
exclusive  cultivation  of  such  skill;  this  perfection  of  cerebral  con- 
trol over  muscular  actions  made  it  possible  for  the  ape-man  to  learn 
to  imitate  the  sounds  aiotud  him,  for  the  act  of  learning  is  a  training 
not  only  of  the  motor  centers  and  the  muscles  concerned,  but  also 
of  the  attention,  and  the  benefits  that  accrued  from  educating  the 
hands>added  to  the  power  of  controlling  other  muscles,  such  as  those 
concerned  with  articulate  speech. 

The  usefulness  of  such  power  of  imitating  sounda  could  be  fully 
realized  in  primitive  man, /not  only  because  he  had  developed  the 
parts  of  the  brain  which  made  the  acquisition  of  such  skill  possible, 
but  abo  because  he  had  acquired,  in  virtue  of  the  development  of 
other  cortical  areas,  the  abiUty  to  realize  the  significance  and  leam 
the  meaning  of  the  sounds  hewd.] 

I  do  not  propose  to  discuss  the  tremendous  impetus  that  the 
invention  of  speech  must  have  given  to  human  progress  and  intellec- 
tual development,  in  enabling  the  knowledge  acquired  by  each 
individual  to  become  the  property  of  the  conunimity  and  be  handed 
on  to  future  generations,  as  well  as  by  supplying  in  words  the  very 
symbols  and  the  indispensable  elements  of  the  higher  mental  process. 

We  are  apt  to  forget  the  immensity  of  the  heritage  that  has 
come  down  to  us  from  former  generations  of  man,  until  we  b^in 
dimly  to  realize  that  for  the  vast  majority  of  mankind  idmost  the 
sum  total  of  their  mental  activities  consists  of  imitation  or  acquiring 
and  using  the  comluon  stock  of  beHefs.  For  this  acciunulation  of 
knowledge  and  its  transmission  to  our  generation  we  are  almost 
wholly  indebted  to  the  use  of  speech.  In  our  f orgetfulness  of  these 
facts  we  marvel  at  the  apparent  dullness  of  early  man  in  being 
content  to  use  the  most  roughly  chipped  flints  for  many  thousands 
of  years  before  he  learned  to  polish  them,  and  eventually  to  employ 
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ntateriaU  better  suited  for  the  msaufacture  of  implements  and 
weapons.  But  when  we  consider  how  slowly  and  laboriously  primi- 
tiTe  man  acquired  new  ideas,  and  how  such  ideas — even  those  which 
seem  childishly  simple  and  obTious  to  us — ^were  treasured  as  priceless 
possessions  and  handed  on  from  tribe  to  tribe,  it  becomes  increasingly 
difficult  to  beheve  in  the  possibility  of  the  independent  evolution  of 
similar  customs  and  iuTentiona  of  any  d^;ree  of  complexity. 

The  hypothesis  of  the  "fundamental  similarity  of  the  working  of 
the  human  mind"  is  no  more  potent  to  explain  the  identity  of  cus^ 
toms  in  widely.different  parts  of  the  world,  the  distribution  of  mega^ 
lithic  monuments,  or  the  first  appearance  of  metals  in  America, 
than  it  is  to  destroy  our  belief  that  one  man,  and  one  only,  originally 
conceived  the-  idea  of  the  mechanical  use  to  which  steam  could  be 
applied,  or  that  the  electric  battery  was  not  independently  evolved 
in  each  of  the  countries  where  it  is  now  in  use. 

In  these  discursive  remarks  I  have  attempted  to  deal  with  old 
problems  in  the  light  of  newly  acquired  evidence;  to  emphasize  the 
undoubted  fact  that  the  evolution  of  the  primates  and  the  emergence 
of  the  distinctively  hmilan  type  of  inteUigeuce  are  to  be  explained 
primarily  by  a  steady  growth  and  specialization  of  certain  parts  of 
the  brain;  that  such  a  development  could  have  occurred  only  in  the 
mammalia,  because  they  are  the  only  plastic  class  of  a-nimtih  with  a 
true  oigan  of  intelligence;  that  an  arboreal  mode  of  life  started 
man's  ancestors  on  the  way  to  preeminence,  for  it  gave  them  the 
agility;  and  the  specialization  of  the  higher  parts  of  the  brain  inci- 
dents to  such  a  life  gave  them  the  seeing  eye;  and  in  course  of  time 
also  the  understanding  ear;  and  that  all  the  rest  foUowed  in  the 
train  of  this  high  development  of  vi^on  working  on  a  brain  which 
controlled  ever-increasingly  agile  limbs. 

If,  in  piursuing  these  objects,  I  may  hav?  seemed  to  wander  far 
from  the  beaten  paths  of  anthropology,  as  it  is  usually  understood 
in  this  section,  and  perhaps  encroached  upon  the  domains  of  the 
zooto^al  section,  my  aim  has  been  to  demonstrate  that  the  solution 
of  these  problems  of  human  origins,  which  have  frequently  engaged 
the  attention  of  the  anthropological  section,  is  not  to  be  sought 
merely  in  comparisons  of  man  and  the  anthropoid  apes.  Man  has 
emerged  not  by  the  sudden  intrusion  of  some  new  element  into  the 
ape's  physical  structure  or  the  fabric  of  his  mind,  but  by  the  culminar 
tion  of  those  processes  which  have  been  operating  in  the  same  way 
in  a  long  line  of  ancestors  ever  since  the  beginning  of  the  Tertiary 
period. 

If  I  have  made  this  general  conception  clear  to  you,  however 
clumsily  I  have  marshaled  the  evidence  and  with  whatever  crudities 
of  psycholf^cal  statement  it  may  be  marred,  I  shall  feel  that  thia 
address  has  served  some  useful  purpose. 
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By  Or.  EdwaU)  Sapik, 
The  Canadian  Qtoiogieal  Survey. 


Perhaps  no  single  feature  so  markedly  sets  off  man  from  the  rest 
of  the  animal  world  as  the  gift  of  speech,  which  he  alone  posaesaes. 
No  community  of  normal  human  beings,  be  their  advance  in  culture 
ever  so  slight,  has  yet  been  found,  or  is  ever  likely  to  be  found,  who 
do  not  communicate  among  themselves  by  means  of  a  complex  sys- 
tem of  sound  symbols;  in  other  words,  who  do  not  make  use  of  a  defi- 
nitely organized  spoken  language.  It  is  indeed  one  of  the  paradoxes 
of  linguistic  science  that  some  of  the  most  complexly  organized  lan- 
guages are  spoken  by  so-called  primitive  peoples,  while,  on  the  other 
hand,  not  a  few  languages  of  relatively  simple  structure  are  found 
among  peoples  of  considerable  advance  in  culture.  Relatively  to  the 
modem  inhabitants  of  England,  to  cite  but  one  instance  out  of  an 
indefinitely  large  number,  the  Eskimos  must  be  considered  as  rather 
limited  in  cultural  development.  Yet  there  is  just  as  little  doubt  that 
in  complexity  of  form  the  Eskimo  language  goes  far  beyond  English. 
I  wish  merely  to  indicate  that,  however  much  we  may  indulge  in 
speaking  of  primitive  man,  of  a  primitive  language  in  the  true  sense 
of  the  word  we  find  nowhere  a  trace.  It  is  true  that  many  of  the 
lower  animals,  for  example,  birds,  communicate  by  means  of  various 
cries,  yet  no  one  will  seriously  maintain  that  such  cries  are  compa- 
rable to  the  conventional  words  of  present-day  human  speech;  at  best 
they  may  be  compared  to  some  of  our  interjections,  which,  however, 
falling  outside  the  regular  morphologic  and  syntactic  frame  of  speech, 
are  least  typical  of  the  language  of  human  beings.  We  can  thus 
safely  make  the  absolute  statement  that  language  is  typical  of  all 
human  communities  of  to-day  and  of  such  previous  times  as  we  have 
historical  knowledge  of,  and  that  language,  aside  from  reflex  cries,  is 
just  as  untypical  of  all  nonhumau  forms  of  animal  life.  Like  all  other 
forms  of  human  activity,  language  must  have  its  history. 

Much  has  been  thought  and  written  about  the  history  of  language. 
Under  this  term  may  be  included  two  more  or  leas  distinct  lines  of 
inquiry.    One  may  either  trace  the  changes  undergone  by  a  partic- 


iiil,Api.l,UlL    I 

S73 

Digmzed  by  Google 


6*74  ANNUAL  BEPOBT  SMITHSONIAN   INSTITUTION,  1912. 

ular  language  or  group  of  languages  for  a,B  long  a  period  as  tihe  evi- 
dence at  hand  allows,  or  one  maj  attempt  to  pass  beyond  the  limits 
of  historically  recorded  or  reconstructed  speech,  to  reconstruct  the 
ultimate  origin  of  speech  in  general,  and  to  connect  these  remote  ori- 
gins by  means  of  reconstructed  lines  of  development  with  historically 
attested  forma  of  speech.  Superficially  the  latter  sort  of  inquiry  is 
similar  in  spirit  to  fiie  labors  of  the  eTolutionary  biologist,  for  in  both 
apparently  heterogeneous  masses  of  material  are,  by  direct  chrono- 
logic testimony,  inference,  analogy,  and  speculation  reduced  to  an 
orderly  historical  sequence.  As  a  matter  of  fact,  however,  the  recon- 
struction of  linguistic  origins  and  earliest  lin^  of  development  is 
totally  different  in  kind  from  biological  reconstruction,  as  we  shall 
see  presently. 

Taking  up  the  history  of  language  in  the  sense  in  which  it  was  first 
defined,  we  find  that  there  are  two  methods  by  which  we  can  follow 
the  gradual  changes  that  a  language  has  undergone.  The  first  and 
most  obvious  method  is  to  study  the  literary  remains  of  the  various 
periods  of  the  language  of  which  we  have  record.  It  will  then  be 
found  that  not  only  the  vocabulary,  but  just  as  well  the  phonetics, 
word  morphology,  and  syntactic  structure  of  the  language  tend  to 
change  from  on©  period  to  another.  These  changes  are  always  very 
gradual  and,  within  a  given  period  of  relatively  short  duration,  slight 
or  even  imperceptible  in  amount.  Nevertheless,  the  cumulative  effect 
of  these  slight  linguistic  changes  is,  with  the  lapse  of  time,  so  great 
that  the  form  of  speech  current  at  a  given  time,  when  directly  com- 
pared with  the  form  of  speech  of  the  same  language  current  at  a  con- 
siderably earlier  time,  is  found  to  differ  from  the  latter  much  as  it 
might  from  a  foreign  language.  It  is  true  that  the  rate  of  change  has 
been  found  to  be  more  rapid  at  some  periods  of  a  language  than  at 
others,  but  it  nevertheless  always  remains  true  that  the  changes  them- 
selves are  not  violent  and  sudden,  but  gradual  in  character.  The 
documentary  study  of  language  history  is  of  course  the  most  valuable 
and  on  the  whole  the  most  satisfactory.  It  should  not  be  denied, 
however,  that  there  are  dangers  in  its  use.  Ijiterary  monuments  do 
not  always  accurately  reflect  the  language  of  the  period;  moreover, 
orthographic  conservatism  hides  the  phonetic  changes  that  are  con- 
stantly taking  place.  Thus  there  is  no  doubt  that  the  amount  of 
change  that  English  has  undei^one  from  the  time  of  Shakespeare  to 
the  present  is  far  greater  than  a  comparison  of  present-day  with 
Elizabethan  orthography  would  lead  the  layman  to  suppose,  so  much 
BO  that  I  am  quite  convinced  the  great  dramatist  would  have  no  little 
difficulty  in  making  himself  understood  in  Stratford-on-Avon  to-day. 
For  some  languages  a  considerable  amount  of  documentary  historical 
material  is  available.  Thus,  the  literary  monuments  that  enable  us 
to  study  the  history  of  the  Eogtish  language  succeed  each  other  in  a 
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practically  uninterrupted  seriea  from  the  eighth  century  A.  B.  to  the 
present  tune,  while  tiie  course  of  development  of  Greek  in  its  various 
dialects  can  be  more  or  lees  accurately  followed  from  the  ninth'  cen- 
tury B.  C,  a  conaervatiTe  date  for  the  Homeric  poems,  to  the  present 
time. 

For  some,  in  fact  for  most  languages,  however,  Uterary  monuments 
are  either  not  forthcoming  at  all  or  else  are  restricted  to  a  single 
period  of  short  duration.  At  first  sight  it  would  seem  that  the  sci- 
entific study  of  such  languages  would  have  to  be  limited  to  purely 
descriptive  rather  than  historical  data.  To  a  considerable  extent 
this  is  necessarily  true,  yet  an  intensive  study  will  always  yield  at  least 
some,  oftentimes  a  great  deal  of,  information  of  a  historical  character. 
This  historical  reconstruction  on  the  basis  of  purely  descriptive  data 
may  proceed  in  two  ways,  It  is  obvious  that  the  various  phonetic 
and  grammatical  features  of  a  language  at  any  given  time  are  of 
unequal  antiquity,  for  they  are  the  resultants  of  changes  that  have 
taken  place  at  very  different  periods;  hence  it  is  reasonable  to 
suppose  that  internal  evidence  would,  at  least  within  modest  limits, 
enable  one  to  reconstruct  the  relative  chronolt^  of  the  language. 
Naturally  one  must  proceed  very  cautiously  in  reconstructing  by 
means  of  internal  evidence,  but  it  is  oftentimes  suiprising  how  much 
the  careful  and  methodically  schooled  student  can  accomplish  in  this 
way.  Generally  speaking,  linguistic  features  Uiat  are  irregular  in 
character  may  be  considered  as  relatively  archaic,  for  they  are  in  the 
nature  of  survivals  of  features  at  one  time  more  widely  spread.  Not 
infrequently  an  inference  baaed  on  internal  evidence  caji  be  corrobo- 
rated by  direct  historical  testimony.  One  example  will  suffice  here. 
We  have  in  English  a  mere  sprinkling  of  noun  plurals  in  -en,  such  as 
brethren  and  oxen.  One  may  surmise  that  nouns  such  as  these  are  but 
the  last  survivals  of  a  type  formerly  existing  in  greater  abundance, 
and  indeed  a  study  of  Old  English  or  Anglo-Saxon  demonstrates  that 
noun  plurals  in  -en  were  originally  found  in  great  number  but  were  later 
almost  entirely  replaced  by  plurals  in  -s.  There  is,  however,  a  far 
more  powerful  method  of  reconstructing  linguistic  history  from 
descriptive  data  than  internal  evidence.  This  is  the  comparison  of 
genetically  related  languages. 

In  msidi^  a  survey  of  the  spoken  languages  of  the  world,  we  soon 
find  that  though  they  differ  from  each  other,  they  do  so  in  quite  vary- 
ing degrees.  In  some  cases  the  differences  are  not  great  enough  to 
prevent  the  speakers  of  the  two  languages  from  understanding  each 
other  with  a  fair  degree  of  ease,  under  which  circumstances  we  are  apt 
to  speak  of  the  two  forms  of  speech  as  dialects  of  a  single  language ;  in 
other  cases  the  two  languages  are  not  mutually  intelligible,  but,  as  in 
the  case  of  English  and  German,  present  so  many  similarities  of 
detail  that  a  belief  in  their  common  origin  seems  warranted  and 
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indeed  necessary;  in  atill  other  esses  the  two  languages  are  at  first 
glance  not  at  all  similar,  but  reveal  on  a  closer  study  so  many  funda- 
mental traits  in  common  that  there  seems  just  ground  for  suspecting 
A  common  origin.  If  other  languages  can  be  found  which  serve  to 
lessen  the  chasm  between  the  two,  and  particularly  if  it  is  possible  to 
compare  them  in  the  form  in  which  they  existed  in  earlier  periods, 
this  suspicion  of  a  common  origin  may  be  raised  to  a  practical  cei^ 
tainty.  Thus,  direct  comparison  of  Russian  and  German  would 
certainly  yield  enough  lexical  and  grammatical  similiarites  to  justify 
one  in  suspecting  them  to  have  diverged  from  a  common  source;  the 
proof  of  Buch  genetic  relationship,  however,  can  not  be  considered 
quite  satisfactory  until  the  oldest  forms  of  Oerman  speech  and  Ger^ 
manic  speech  generally  have  been  compared  with  the  oldest  forms  of 
Slavic  speech  and  untU  both  of  these  have  been  further  compared  with 
other  forms  of  speech,  such  as  Latin  and  Greek,  that  there  is  reason 
to  believe  they  are  genetically  related  to.  When  such  extensive,  not 
infrequently  difficult,  comparisons  have  been  effected,  complete  evi- 
dence may  often  be  obtained  of  what  in  the  first  instance  would  have 
been  merely  suspected.  If  all  the  forms  of  speech  that  can  be  shown 
to  be  genetically  related  are  taken  together  and  carefully  compared 
among  themselves,  it  is  obvious  that  much  information  will  be 
inferred  as  to  their  earlier  undocumented  history;  in  favorable  cases 
much  of  the  hypothetical  form  of  speech  from  which  the  available 
forms  have  diverged  may  be  reconstructed  with  a  considerable  degree 
of  certainty  or  plausibility.  If  under  the  term  "  history  of  Knglish  " 
we  include  not  only  documented  but  such  reconstructed  history  as  has 
been  ref^Ted  to,  we  can  say  that  at  least  in  main  outline  it  is  possible 
to  trace  the  development  of  our  language  back  from  the  present  day 
to  a  period  antedating  at  any  rate  1500  B.  C.  It  ia  important  to  note 
that,  though  the  English  of  to-day  bears  only  a  faint  resemblance  to 
the  hypolJietical  reconstructed  Indogermfmlc  speech  of  say  1500  B.-  C. 
or  earlier,  there  could  never  have  been  a  moment  from  that  time  to 
the  present  when  the  continuity  of  the  langu^e  was  broken.  From 
our  present  standpoint  that  bygone  speech  of  1500  B.  C.  was  as  much 
Engli^  as  it  was  Greek  or  Sanskrit.  The  history  of  the  modem  Eng- 
lish words /oo(  and  its  plural /erf  will  illustrate  both  the  vast  differ- 
ence between  the  two  forms  of  speech  at  either  end  of  the  series  and 
the  gradual  character  of  tiie  changes  that  have  taken  place  within 
the  series.  Without  here  going  into  the  actual  evidence  on  which 
the  reconstructions  are  based,  I  shall  meo-ely  list  the  various  forms 
which  each  word  has  had  in  the  course  of  its  history.  Starting,  then, 
with /oo(— /erf,  and  gradually  going  back  in  time,  we  have/ilf— -/tt, 
fot—fn,  fdt—fete,fdt-~f6te,  fSt—foti.f^—fSti,  fSt—fotir.fSt—fotiz, 
fot—f^,  f&t—fotes,  fdd—^odes,  and  finally  pBd — yod«,    beyond 
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which  OUT  evidence  does  not  rUow  us  to  go;  the  last  forms  £sd  their 
reflex  in  Sanskrit  pad — padoB. 

All  languages  that  can  be  shown  to  begenetically  related— -that  is, 
to  have  sprung  from  a  coounon  source— form  a  historic  unit  to  which 
the  term  linguistic  stock  or  linguistic  family  is  applied.  If,  now,  we 
were  in  a  position  to  prove  that  f3l  known  forms  of  speech  could  be 
classified  into  a  single  linguistic  stock,  the  apparent  parallel  above  re* 
ferred  to  between  linguistic  and  biological  reconstruction  would  be  a 
genuine  one.  As  it  is,  we  must  content  ourselves  with  operating  with 
distinct  and,  as  far  as  we  can  tell,  genetically  unrelated  linguistic 
stocks.  The  documentary  evidence  and  the  reconstructive  evidence 
gained  by  comparison  enable  us  to  reduce  the  bewildering  mass  of 
known  languages  to  a  far  smaller  number  of  such  larger  stock  groups, 
yet  the  absolute  number  of  these  latter  groups  still  remains  disquiet- 
ingly  la^e.  The  distribution  of  linguistic  stocks  presents  great  irreg- 
ularities. In  Europe  there  are  only  three  such  represented : '  the  Indo- 
germaoic  or  Aryan,  which  embraces  nearly  all  the  better  known  lan- 
guages of  the  continent;  the  Ural-Altaic,  the  best  known  representar 
tives  of  which  are  Finnish,  Hungarian,  and  Turkish;  and  the  Basque  of 
southwestern  France  and  northern  Spain.  On  the  other  hand,  that 
part  of  aboriginal  North  America  whi^  lies  north  of  Mexico  alone  em* 
braces  50  or  more  distinct  linguistic  stocks  so  far  as  known  at  prea- 
ent.  Some  stocks,  as,  for  instance,  the  Indogermanic  just  referred  to 
and  the  Algonkin  of  North  America,  are  spread  over  vast  areas  and 
include  many  peoples  or  tribes  of  varying  cultures;  others,  such  as  the 
Basque  and  many  of  the  aboriginal  stocks  of  California,  occupy  8U]> 
prisingly  small  territories.  It  is  possible  to  adopt  one  of  two  attitudes 
toward  this  phenomenon  of  the  multiplicity  of  the  lai^est  known  ge- 
netic speech  abrogates.  On  the  one  hand  one  may  assume  that  the 
disintegrating  effects  of  gradual  linguistic  change  have  in  many  cases 
produced  such  widely  differing  forms  of  speech  as  to  make  their  com* 
parison  for  reconstructive  purposes  of  no  avail,  in  other  words,  that 
what  appear  to  us  to-day  to  be  independent  linguistic  stocks  appear 
such  not  because  they  are  in  fact  historically  unrelated,  but  merely 
because  the  evidence  of  such  historical  connection  has  been  so  ob- 
scured by  time  as  to  be  practically  lost.  On  the  other  hand,  one  may 
prefer  to  see  in  the  existence  of  mutually  independent  linguistic  stocks 
evidence  of  the  independent  beginnings  and  development  of  human 
speech  at  difFerent  times  and  places  in  the  course  of  the  remote  history 
of  mankind;  there  is  every  reason  to  believe  that  in  a  similar  manner 
many  reU^ous  concepts  and  other  forms  of  human  thought  and 
activity  found  widely  distributed  in  time  and  place  have  had  multiple 
origins,  yet  more  or  less  parallel  developments.  It  is  naturally  fruit- 
less to  attempt  to  decide  b«(wt^en  the  monogenetic'  and  polygenetic 
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standpoints  here  briefly  outlined.  All  tixat  a  conservatJTe  student  will 
care  to  do  is  to  shrug  his  shoulders  and  to  aay,  "Thus  far  we  can  go 
and  no  farther."  It  should  be  said,  however,  that  more  intensive 
study  of  linguistic  data  is  from  time  to  time  connecting  stocks  that 
had  hitherto  been  looked  upon  as  unrelated.  Yet  it  can  hardly  be 
expected  that  serious  research  wjjl  ever  succeed  in  reducing  the 
present  Babel  to  a  pristine  unity. 

Although  we  can  not  demonstrate  a  genetic  unity  of  all  forms  of 
human  speech,  it  is  interesting  to  observe  that  there  are  several  funda- 
mental traits  that  all  languages  have  in  common.  Perhaps  ihese 
fundamental  similarities  are  worthy  of  greater  attention  than  they 
generally  receive  and  may  be  thought  by  many  to  possess  a  high 
d^ee  of  significance.  First  of  all,  we  find  that  in  every  known  lan- 
guage use  is  made  of  exactly  the  same  organic  apparatus  for  the  pro- 
duction of  speech,  that  is,  the  glottal  passage  in  the  larynx,  the  nasal 
passages,  the  tongue,  the  hard  and  soft  palate,  the  teeth  and  the  lips. 
The  fact  that  we  are  accustomed  to  consider  all  speech  as  self-evidently 
dependent  on  these  organs  should  not  'blind  us  to  the  importance  of 
the  association.  There  is,  after  all,  no  d.  priori,  reason  why  the  com- 
munication of  ideas  should  be  primarily  through  sonnd  symbols  pro- 
duced by  the  apparatus  just  defined;  it  is  conceivable  that  a  system 
of  sound  symbols  of  noises  produced  by  ihe  hands  and  feet  might 
have  been  developed  for  the  same  purpose.  As  a  matter  of  fact,  there 
are  many  systems  of  thought  transference  or  language  in  the  widest 
sense  of  the  word,  as  a  moment's  thought  will  show,  that  are  inde- 
pendent of  the  use  of  the  ordinary  speech  apparatus.  The  use  of 
writing  will  occur  to  every  one  as  the  most  striking  example  among 
ourselves.  Among  primitive  peoples  we  may  instance,  to  cite  only  a 
couple  of  examples  of  such  subsidiary  forms  of  language,  the  gesture 
language  of  the  Plains  Indians  of  North  America  and  ^e  very  highly 
developed  drum  language  of  several  African  tribes.  From  our  present 
point  of  view  it  is  significant  to  note  that  these  and  other  such  non- 
spoken  languages  are  either,  as  in  the  case  of  practically  all  systems 
of  writing,  themselves  more  or  less  dependent  on  a  phonetic  system, 
that  is,  speech  in  the  ordinary  sense  of  the  ^ord,  or  else  are  merely 
auxiliary  systems  intended  to  replace  speech  only  under  very  special 
circumstances.  The  fact  then  remans  ^at  the  primary  and  universal 
method  of  thought  transference  among  human  beings  is  via  a  special 
articulating  set  of  organs.  Much  loose  talk  has  been  expended  by 
certain  ethnologists  on  the  relatively  important  place  that  gesture 
occupies  in  the  languages  of  primitive  peoples,  and  it  has  even  been 
asserted  that  several  so-called  primitive  languages  are  unintelligiblfi 
without  the  use  of  gesture.  The  truth,  however,  is  doubtless  that 
the  use  of  gesture  is  associated  not  with  primitiveness,  but  rather  with 
temperament.    The  Russian  Jew  and  ^e  Italian,  for  instance,  nou- 
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primitiTe  as  they  are,  make  a  far  more  liberal  me  of  gestures  accom- 
panying speech  than  any  of  the  aborigines  of  North  America. 

If  we  examine  in  a  large  way  the  structure  of  any  given  language, 
we  find  that  it  is  further  characterized  by  the  use  of  a'definite  pho- 
itetic  system,  that  is,  the  sounds  made  use  of  in  its  words  are  reducible 
to  a  limited  number  of  consonants  and  vowels.  It  does  not  seem  to 
be  true,  certain  contradicting  statements  notwithstanding,  that  lan- 
guages are  to  be  found  in  which  this  phonetic  definitenese  is  lacking 
and  in  which  individual  variation  of  pronunciation  takes  place  prac- 
tically without  limit.  It  is  of  course  freely  granted  that  a  certain 
amount  of  sound  variation  exists  in  every  language,  but  it  is  important 
to  note  that  such  variation  is  always  very  limited  in  range  and  always 
takes  place  about  a  well-defined  center.  All  known  forma  of  speech, 
then,  operate  with  a  definite  apparatus  of  sounds;  statements  to  the 
contrary  will  in  moat  cases  be  found  to  rest  either  on  a  faulty  per- 
ception on  the  part  of  the  recorder  of  sounds  unfamiliar  to  his  ear  or 
on  his  ignorance  of  regular  sound  processes  peculiar  to  the  language. 
Naturally  the  actual  phonetic  systems  found  in  various  languages, 
however  much  they  may  resemble  each  other  in  this  fundamental  trait 
of  definiteness,  differ  greatly  in  content,  that  is  in  the  sounds  actually 
employed  or  neglected.  This  is  inevitable,  for  the  vast  number  of 
possible  and  indeed  existing  speech  sounds  makes  an  unconscious 
selection  necessary.  Even  so,  however,  it  is  at  least  noteworthy 
with  what  persistency  such  simple  vowel  sounds  as  a  and  t  and  sudi 
consonants  as  n  and  8  occur  in  all  parts  of  the  world. 

Even  more  than  in  their  phonetic  systems  languE^ee  are  found  to 
differ  in  their  morphologies  or  grammatical  structures.  Yet  also  in 
this  matter  of  grammatical  structure  a  surrey  from  a  broad  point  of 
view  discloses  the  fact  that  there  are  certain  deep-lying  similarities, 
very  general  and  even  vague  in  character,  yet  significant.  To  begin 
with,  we  find  that  each  language  is  characterized  by  a  definite  and, 
however  complex,  yet  strictly  delimited  grammatical  system.  Some 
languages  exhibit  a  specific  type  of  morphology  with  greater  clear- 
ness or  consistency  than  others,  while  some  teem  with  irregularities; 
yet  in  every  cose  the  structure  tends  tc  be  of  a  definite  and  con- 
sistently carried  out  type,  the  granmiatical  processes  employed  are 
quite  limited  in  number  and  nearly  always  clearly  developed,  and 
^e  logical  categories  that  are  selected  for  grammatical  treatment 
are  of  a  definite  sort  and  number  and  expressed  in  %  limited,  howerer 
lai^j  number  of  grammatical  elements.  In  regard  to  the  actual 
content  of  the  various  morphologies  we  find,  as  already  indicated, 
vast  differences,  yet  here  again  it  is  important  to  note  with  what 
persistence  certain  fundamental  logical  categories  are  reflected  in 
the  grtonmatical  systems  of  practically  all  languages.  Chief  among 
these  may  be  considered  the  clear-cut  distinction  everywhere  made 
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between  denominating  and  predicating  tenns;  that  is,  between  sub- 
ject and  predicate,  or,  roughly  speaking,  between  substantive  and 
verb.  Tbia  does  not  necessarily  imply  that  we  have  in  all  cases  to 
deal  with  an  actual  difference  in  phonetic  fonn  between  noun  and 
verb,  though  as  a  matter  of  fact  such  differences  are  generally  found, 
but  simply  that  the  structure  of  the  sentence  is  such  as  to  show  clearly 
that  one  member  of  it  is  felt  by  the  speaker  and  hearer  to  have  a  purely 
denominating  office,  another  a  purely  predicating  one.  It  may  be 
objected  that  in  Chinese,  for  ixistance,  there  is  no  formal  distinction 
made  between  noun  and  verb.  True,  but  the  logical  distinction  of 
subject  and  predicate  is  reflected  in  the  form  of  the  Chineee  sentenoe, 
inasmuch  as  t^e  subject  regulariy  precedes  the  predicate;  thus, 
while  the  same  word  may  be  eitlier  noim  or  verb,  in  any  particular 
sentence  it  necessarily  w  definitely  one  and  not  the  oljier.  Other 
fundamental  logical  categories  will,  on  a  more  complete  survey,  be 
found  to  be  subject  to  grammatical  treatment  in.  all  or  nearly,  all 
languages,  but  this  is  not  tiie  place  to  be  anything  but  merely 
Bu^estive.  Suffice  it  to  remark  on  the  widespread  systematizing 
of  personal  relations;  the  widespread  development  of  ideas  of  tense, 
number,  and  syntactic  case  relations;  and  the  clear  grammatical 
expression  everywhere  or  nearly  everywhere  given  to  the  largely 
emotional  distinction  of  declarative,  interrogative,  and  imperative 
modes. 

Granted  that  there  are  certain  general  fundamental  traits  of  simi- 
larity In  all  known  languages,  the  problem  arises  of  how  to  explain 
these  similarities.  Are  they  to  be  explained  historically,  as  sur- 
vivals of  features  deep-rooted  Jn  an  earliest  form  of  human  speech 
that,  despite  the  enormous  differentiation  of  language  that  the  lapse 
of  ages  bos  wrought,  have  held  their  own  to  the  present  day,  or  are 
they  to  bo  explained  psychologically  as  due  to  the  eoustence  of  inherent 
human  mental  characteristics  that  abide  regardless  of  time  and  pace  ! 
If  the  latter  standpoint  be  preferred,  we  should  be  dealing  with  a 
phenomenon  of  parallel  development.  It  is  of  course  impossible  to 
decide  categorically  between  the  two  explanalJons  that  have  been 
offered,  though  doubtless  the  majority  of  students  would  incline  to 
the  psyohological  rather  than  to  the  historical  method.  At  any 
rate,  it  is  clear  that  we  can  not  strictly  infer  a  monogmetic  theory 
of  speech  from  the  fundamental  traits  of  similarity  that  all  forms  of 
speech  exhibit.  Yet  even  though  these  are  of  psychologic  ratlisr 
than  historic  interest,  it  is  important  to  have  demonstrated  the 
existence  of  a  common  psychological  substratum,  or  perhaps  we  had 
better  say  framewoA,  which  is  more  or  less  clearfy  evident  in  all 
languages.  This  very  aubstratum  or  framework  gives  the  scdentifie 
study  of  language  a  coherflQce  and  unity  quite  regardless  of  any  con- 
raderations  of  genetic  relationship  of  languages. 
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In  Bjnte  of  the  fact  tba-t,  M  we  hav«  seen,  no  tangible  evidence  can 
be  brought  to  bear  on  the  ultimate  oi^in  or  origins  of  speech,  many  at- 
t«mptB  have  been  made,  particulariy  in  the  fint  half  of  the  ninet«entii 
century,  when  it  was  more  common  for  historical  and  philosophical 
problems  of  extreme  difficulty  to  be  attacked  with  alacrity,  to  point 
out  tile  way  in  which  human  speech  oi^inated  or  at  least  might  have 
oi^inated.  From  the  very  nature  of  the  case  these  attmnpta  could 
not  but  be  deductive  in  method;  hence,  however  plausible  or  in- 
genious in  themselves,  they  have  at  best  a  merely  speculative,  not 
a  genuinely  scientific  interest.  We  may  therefore  dispense  with 
anything  tike  a  detailed  inquiry  into  or  criticism  of  these  theories. 
Two  of  the  most  popular  of  them  may  be  respectively  termed  the 
onomatopoetic  or  sound-imitatiTe  and  the  exdamatory  theories. 
According  to  the  former,  the  first  words  of  speedi  were  onomato>- 
poetic  in  character;  that  is,  attempts  to  imitate  by  the  medium  of 
the  human  organs  of  speech  the  various  cries  and  noises  of  the 
animate  and  inanimate  world.  Thus  the  idea  of  a  "hawk"  would 
come  to  be  expressed  by  an  imitative  vpoable  based  on  the  actual 
screech  of  that  bird;  the  idea  of  a  "rock"  m%ht  be  expressed  by 
a  combination  of  sounds  intended  in  a  crude  way  to  reproduce  the 
noise  of  a  rock  tumbling  down  hill  or  of  a  rock  striking  against  the 
butt  of  a  tree,  and  so  on  indefinitely.  In  course  of  time,  as  these  imi- 
tative words  by  repeated  use  became  more  definitely  fixed  in  phonetic 
form,  they  would  tend  to  take  on  more  and  more  the  character  of  con- 
ventional sound  symbols;  that  is,  of  words,  property  speaking.  The 
gradual  phonetic  modifications  brought  on  in  the  further  course  of 
time  would  finally  cause  them  to  lose  their  original  onomatopoetic 
form.  It  may  be  freely  granted  ihat  many  words,  particularly  cer- 
tain nouns  and  verbs  having  reference  to  auditory  phenomena,  may 
have  originated  in  this  way;  indeed,  many  languages,  among  them 
English,  have  at  various  times,  up  to  and'  including  the  present, 
made  use  of  such  onomatopoetic  words.  It  is  difficult,  however,  to 
see  how  the  great  mass  of  a  vocabulary,  let  slone  a  complex  system 
of  morphology  and  syntax,  could  have  arisen  from  an  onomato- 
poetic source  alone.  The  very  fact  that  onomatopoetic  words  of 
relatively  recent  origin  are  found  here  and  there  in  sharp  contrast 
to  the  overwhelmingly  larger  non-onomatopoetic  portion  of  the 
language  accentuates,  if  anything,  the  difficulty  of  a  general  explana- 
tion of  linguistic  origins  by  means  of  the  onomatopoetic  theory. 

The  exclamatory  theory,  as  its  name  implies,  would  find  the  earUest 
form  of  speech  in  reflex  cries  of  an  emotional  character.  These  also, 
like  the  hypothetical  earliest  words  of  mutative  origin,  would  in 
course  of  time  become  conventionalized  and  sooner  or  later  so  modi- 
fied in  phonetic  form  as  no  longer  to  betray  their  exclamatoty  origin. 
>  86360°— 811 1S12 38 
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The  ciitictsim  ui^ed  af^oinst  the  onomatopoetic  theory  apply  with 
perhape  evta  greater  force  to  the  exclamatory  one.  It  ib,  if  anything, 
even  more  diffioult  here  than  in  the  former  case  to  see  how  a  bdi^ 
Tooabulaiy  founded  on  reflex  cries  could  develop  into  such  complex 
linguistic  systems  as  we  have  actually  to  deal  with.  It  is  further 
s^nificant  that  hardly  anywhere,  if  at  all,  do  the  interjections  play 
any  but  an  inconsider^le,  almost  n^ligible,  part  in  the  lexic^  or 
grammatical  machinery  of  language.  An  appeal  to  the  languages  of 
primitive  peoples  in  order  to  find  in  them  support  for  either  of  the 
two  theories  referred  to  is  of  little  or  no  avail.  Aside  from  the  fact 
that  their  elsboratenees  of  structure  often  seriously  militates  against 
our  accepting  them  as  evidence  for  primitive  conditions,  we  do  not 
on  the  whole  find  either  ibe  onomatopoetic  or  exclamatory  elements 
of  relatively  greater  importance  in  them  than  elsewhere.  Indeed 
the  layman  would  be  often  surprised,  not  to  say  disappointed,  at  the 
almost  total  absence  of  onomatopoetic  traits  in  many  American 
Indian  languages  for  instance.  In  Chinook  and  related  dialects  of 
the  lower  course  of  ih»  Columbia,  onomatopoesis  is  developed  to  a 
more  than  usual  extent,  yet,  as  though  to  emphasize  our  contention 
with  an  apparent  paradox,  hardfy  anywhere  is  the  grammatical 
mechanism  of  a  subtler,  anything  but  primitive  character.  We  are 
forced  to  conclude  that  the  existence  of  onomatopoetic  and  exclamar 
tory  features  is  as  little  correlated  with  relative  primitiveneBs  as  we 
have  found  the  use  of  gesture  to  be.  As  with  the  two  theories  of 
origin  we  have  thus  briefly  examined,  so  it  will  be  found  to  be  with 
other  theories  that  have  been  suggested.  They  can  not,  any  of 
them,  derive  support  from  the  use  of  the  ailment  of  survivals  in 
htBtorically  known  languages;  they  all  reduce  themselves  to  merely 
speculative  doctrines. 

So  much  for  general  considerations  on  language  histoiy.  Return- 
ing to  the  gradual  process  of  change  which  has  been  seen  to  be  charac- 
teristic of  all  spee<^,  we  may  ask  ourselves  what  is  the  most  central  or 
basic  factor  in  this  never^«easing  Sux.  Undoubtedly  the  answer 
must  be:  Phonetic  chaise  or,  to  put  it  somewhat  more  concretely, 
minute  or  at  any  rate  relatively  trivial  chaises  in  pronunciation  of 
vowels  and  consonanta  which,  having  crept  in  somehow  or  other, 
assert  themselves  more  uid  more  and  end  by  replacing  the  older 
pronunciation,  which  becomes  old-fashioned  and  finally  extinct.  In 
a  general  way  we  can  underetand  why  changes  in  pronunciation 
should  take  place  in  the  couise  of  time  by  a  brief  consideration 
of  the  process  of  language  leammg.  Roughly  speaking,  we  learn 
to  speak  our  mother  tongue  by  imitating  the  daily  speech  of  those 
who  surround  us  in  our  childhood.  On  second  thoughts,  however, 
it  will  be  seen  that  the  process  involved  is  not  one  of  direct 
imitation,  but  of  indirect  imitation  based  on  inference.     Any  given 


C.DOJ^Ic 


VABIETIES  OF  HUMAN  SFEEOH — 8AFIB.  683 

word  is  pronouaced  by  b,  BUBcesBion  of  TariouB  more  or  less  compli- 
cated adjustmeats  of  the  speech  organs.  These  adjuBtments  or 
articulations  give  rise  to  definite  acoustic  effects,  effects  which,  in 
their  totality,  donstitute  speech.  Obviously,  if  the  child's  imitative 
^orta  were  direct,  it  wouJd  have  to  copy  as  closely  as  possible  the 
speech  articulations  which  are  the  direct  source  of  what  it  hears. 
But  it  is  BtiU  more  obvious  that  these  speech  articulationa  are  lai^ely 
beyond  the  power  of  observation  and  hence  imitation.  It  follows 
that  the  actual  sounds,  not  the  articulations  producing  them,  are 
imitated.  This  means  that  the  child  is  subject  to  a  vety  considerable 
period  of  random  and,  of  course,  wholly  involuntaiy  experimenting 
in  the  production  of  such  articulations  as  would  tend  to  produce 
sounds  or  combinations  of  sounds  approximating  more  or  less  closet^ 
those  the  child  hears.  In  the  course  of  this  experimenting  many 
failures  are  produced,  many  partial  successes.  The  articulations 
producing  the  former,  inasmuch  as  they  do  not  give  results  that 
match  the  sounds  which  it  was  intended  to  imitate,  have  Uttle  or  no 
associativfl  power  with  these  sounds,  hence  do  not  readily  form  into 
habits;  on  the  other  hand,  articulations  that  produce  successes  or 
oomparatiTe  successes  will  naturally  tend  to  become  habitual.  It  is 
easy  to  see  that  the  indirect  manner  in  which  ^eech  articulations  are 
acquired  necessitates  an  element  of  error,  veiy  slight,  it  may  be,  but 
error  nevertheless.  The  habitual  articulations  that  hare  established 
themselves  in  the  speech  of  the  child  will  yield  auditoty  results  that 
approximate  so  closely  to  those  used  in  speech  by  its  elders,  that  no 
need  for  correction  will  be  felt.  And  yet  it  is  inevitable  that  the 
sounds,  at  least  some  of  the  sounds,  actually  pronounced  by  the  child 
will  differ  to  a  minute  extent  from  the  corresponding  sounds  pro- 
nounced by  these  elders.  Inasmuch  as  every  word  is  fximposed  of  a 
definite  number  of  sounds  and  as,  furthermore,  the  language  makes 
use  of  only  a  limited  number  of  sounds,  it  follows  that  corresponding 
to  every  sound  of  the  language  a  definite  articulation  will  have 
become  habitual  in  the  speech  of  the  child;  it  follows  immediately 
that  t^e  slight  phonetic  modifications  which  the  child  has  introduced 
into  the  words  it  uses  are  consistent  and  regular.  Thus  if  a  vowel 
a  has  assumed  a  slightly  different  acoustic  shade  in  one  word,  it  will 
have  assumed  the  same  shade  in  all  other  cases  involving  the  old 
a-vowel  used  by  its  elders,  at  any  rate  in  all  other  cases  in  which  the 
old  a-vowel  appears  imder  paraUel  phonetic  circumstances. 

Hrare  at  the  very  outset  we  have  illustrated  in  the  individual  the 
regularity  of  what  have  come  to  be  called  phonetic  laws.  The  term 
"phonetic  2atr"  is  justified  in  so  far  as  a  common  tendency  is  to  be 
discovered  in  a  laige  number  of  individual  sound  changes.  It  is  im- 
portant, however,  to  understand  that  phonetic  law  is  a  purcJy  historic 
concept,  not  one  comparable  to  the  laws  of  natural  science.    The 
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latter  may  be  said  to  operate  regardleBs  of  particular  times  and 
plac€e,  while  a  plioaetic  law  is  merely  a  generalized  statement  of  a 
piocees  that  took  place  in  a  restricted  area  within  a  definite  period 
of  time.  The  real  difficulty  in  the  understanding  of  phonetic  change 
in  l&ngu^e  lies  not  in  the  fact  of  change  iteelf,  nor  in  the  r^ularity 
with  which  such  change  proceeds  in  all  cases  affected,  but,  above  all, 
in  the  fact  that  phonetic  changes  are  not  merely  individual,  but  social 
phenomena;  in  other  words,  tiiat  the  speedi  of  all  the  members  of  a 
community  in  a  given  time  and  place  undergoes  certain  r^ular 
phonetic  changes.  Without  here  attemptii^  to  go  into  tlie  details 
of  ihis  process  of  the  transformation  of  an  individual  phonetic  pe- 
culiarity into  a  social  one,  we  will  doubtless  not  be  far  wrong  in 
assuming  that  uniformity  is  at  £ist  brought  about  by  a  process  of 
unconscious  imitation,  mutual  to  some  extent,  among  the  younger 
speakers  of  a  restricted  locality,  later,  perhaps,  by  the  half -conscious 
adoption  of  the  new  speech  peculiarity  by  speaJjcers  of  neighboring 
loc^tiee,  until,  finally,  it  has  spread  either  over  the  entire  area  in 
which  the  language  is  spoken  or  over  some  definite  portion  of  it.  In 
the  former  case  the  historic  continuity  of  the  language  as  a  unit  is 
preserved,  in  the  latter  a  dialectic  peculiarity  has  asserted  iteelf.  In 
the  course  of  time  other  phonetic  peculiarities  spread  that  serve  to 
accentuate  the  dialectic  division.  However,  the  rai^;es  of  operation 
of  the  different  phonetic  laws  need  not  be  coterminous,  so  that  a  net- 
work of  dialectic  groupings  may  develop.  At  least  some  of  the 
dialects  will  diverge  phonetically  more  and  more,"  until  in  the  end 
forms  of  speech  will  have  developed  that  deserve  to  be  called  dis- 
tinct languages.  It  can  not  be  denied  that,  particululy  after  a  con- 
siderable degree  of  diveigence  has  been  attained,  other  than  purely 
phonetic  charactensfics  develop  to  accentuate  a  difference  of  dialect, 
but  every  linguistic  student  is  aware  of  the  fact  that  the  most  easily 
formulated  and,  on  the  whole,  the  most  characteristic  differences 
between  dialects  and  between  langu^es  of  the  same  genetic  group 
are  phonetic  in  character. 

True,  some  one  will  say,  changes  of  a  purely  phonetic  character  can 
be  shown  to  be  of  importance  in  the  history  of  language,  but  what  of 
changes  of  a  grammatical  sort  f  Are  they  not  of  equal  or  even  greater 
importance  1  Strai^e  as  it  may  seem  at  first  blush,  it  can  be  dem- 
onstrated that  many,  perhaps  most,  changes  in  grammatical  form  are 
at  last  analysis  due  to  the  operation  of  phonetic  laws.  Inasmuch  as 
these  phonetic  laws  affect  the  phonetic  form  of  grammatical  elements 
as  well  as  of  other  linguistic  material,  it  follows  that  such  elementa 
may  get  to  have  a  new  bearii^,  as  it  were,  brought  about  by  their 
change  in  actual  phonetic  content ;  in  certain  cases,  what  was  originally 
a  single  grfunmatical  element  may  in  this  way  come  to  have  two  dis- 
tinct forms,  in  other  cases  two  ori^ally  distinct  grammatical  ele- 
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ments  may  come  to  have  the  eune  phonetic  appearance,  so  that  if 
circumatanceB  are  favorable,  the  way  is  paved  for  confuBion  and  re- 
adjuBtment.  Briefly  stated,  phonetic  change  may  and  often  does 
necesBitate  a  readjustment  of  morpholc^c  groupings.  It  will  be  well 
to  give  an  example  or  two  from  the  history  of  the  Ei^lish  language. 
In  another  connectdou  we  have  had  occasion  to  brieiSy  review  the 
history  of  the  words/oot  aad  feet.  We  saw  that  there  was  a  time  when 
these  words  had  respectively  the  formytSt  asidfdH.  The  final  i-vowel 
of  the  second  word  colored,  by  a  proceas  of  assimilation  which  is  gen- 
erally referred  to  as  "umlaut,"  the  5  of  the  first  syUabie  and  made  it  o, 
later  unrounded  to  e;  the  final  i,  after  being  dulled  to  an  «,  finally 
dropped  oflF  altogether.  The  form  foH  thus  step  by  step  developed 
into  the  later  fit,  which  is  the  normal  Anglo-Saxon  form.  Note  the 
result.  In  fdti  and  other  words  of  ite  type  the  plural  is  expressed 
by  a  distinct  suffix  -i,  iafH,  as  in  modem  fht^Jsh.  feet,  and  in  words 
of  corresponding  form  it  is  expressed  by  an  internal  change  of  vowel. 
Thus  an  entirely  new  grammatical  feature  in  Ehiglisb,  as  also  in 
quite  parallel  fashion  in  German,  was  brought  about  by  a  series  of 
purely  phonetic  changes,  in  themselves  of  no  grammatical  significance 
whatever. 

Such  grammatical  developments  on  the  basis  of  phonetic  changes 
have  occurred  with  great  frequency  in  the  history  of  langut^e.  In 
the  long  nm,  not  only  may  in  this  way  old  grammatical  features  be 
lost  and  new  ones  evolved,  but  the  entire  morphologic  type  of  the 
langui^e  may  undergo  profound  modifixsation.  A  striking  example 
is  furnished  ^ain  by  the  history  of  the  English  languE^.  It  is  a 
well-known  feature  of  English  that  absolutely  the  same  word,  pho- 
netically speaking,  may  often,  accordiog  to  its  syntactic  employ- 
ment, be  construed  as  verb  or  as  noun.  Thus,  ve  not  only  love  and 
Icisa,  but  we  also  give  our  love  or  a  Mas,  that  is,  the  words  love  and  kiaa 
may  be  indifferently  used  to  predicate  or  to  denominate  an  activity. 
There  are  so  many  examples  in  Ehigliah  of  the  formal,  though  not 
syntactic,  identity  of  noun  stem  and  verb  stem  that  it  may  well  be 
said  that  the  English  language  is  on  the  way  to  become  of  a  purely 
analytic  or  isolating  type,  more  or  lees  similar  to  that  of  Chinese. 
And  yet  the  typical  In(i<^ennanic  langut^e  of  earlier  times,  as  rep- 
resented say  by  Latin  or  Qreek,  always  makee  a  rigidly  formal,  not 
merely  syntactic,  distinction  between  these  fundamental  parts  of 
speech.  If  we  examine  the  history  of  this  truly  significant  change  of 
type  in  English,  we  shall  find  that  it  has  been  due  at  last  analjeis  to 
the  operation  of  merely  phonetic  laws.  The  <»iginal  An^o-Ssxon 
form  of  the  infinitive  of  the  verb  kiaa  was  c^asan,  while  the  Anglo- 
Saxon  form  of  the  noun  kiss  was  eysa.  The  forms  in  early  middle  Eng- 
lish times  became  dulled  to  kisaen  and  kiaa,  respectively.  Final  imac^ 
ceuted  -n  later  regularly  dropped  off,  so  that  the  infinitive  of  Uie  verb 
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came  to  be  Jciase.  In  Chaucer's  day  the  verb  and  tha  noun  were 
still  kept  apart  as  kisse  and  Has,  respectively;  later  on,  as  a  final 
unacceiited  -e  regularly  dropped  off,  Icisse  became  kiss,  so  that  there 
ceased  to  be  any  formal  difference  between  the  verb  and  noun.  The 
history  of  the  Anglo^axon  verb  Zu}£an ' '  to  love  "  and  noun  Z«/« ' '  love' ' 
has  been  quite  parallel;  the  two  finally  became  confused  in  a  single 
form  luv,  modem  English  love.  Once  the  pace  has  been  set,  so  to 
speak,  for  an  interchange  in  Ei^ish  between  verbal  and  nominal  use 
of  t^  same  word,  the  procees,  by  the  working  of  simple  analogy, 
is  made  to  apply  also  to  cases  where  in  origin  we  have  to  deal  with 
only  one  part  of  speech;  thus,  we  may  not  only  have  a  sick  atomaek, 
but  we  may  stomach  an  injury  (noun  becomes  verb),  and,  convereely, 
we  may  not  only  write  up  a  person,  but  he  may  get  a  write  up  (verb 
becomes  noun).  It  has,  I  hope,  become  quite  clear  by  this  time  how 
the  trivial  changes  of  pronunciation  that  are  necessitated  by  the  very 
process  of  speech  acquirement  may,  in  due  course  of  time,  profoundly 
change  the  fundamental  characteristics  of  lai^uage.  So  also,  if  I 
may  be  pardoned  the  use  of  a  simile,  may  the  slow  erosive  action  of 
water,  continued  through  weary  ages,  profoundly  transform  the 
character  of  a  landscape.  If  there  is  one  point  of  historic  method 
rather  than  another  that  the  scientific  study  of  langut^e  may  teach 
other  historical  sciences,  it  is  that  changes  of  the  greatest  magni- 
tude may  often  be  traced  to  phenomena  or  processes  of  a  minimal 
magnitude. 

On  the  whole,  phonetic  change  may  be  said  to  be  a  destructive  or 
at  best  transforming  force  in  the  history  of  language.  ^Reference  has 
already  been  made  to  the  influence  of  analogy,  which  may,  on  the  con- 
trary, be  considered  a  preservative  and  creative  force.  Iii  every  lan- 
guage the  existing  morphological  groups  establish  more  or  lees  d^nite 
paths  of  anal<^y  to  which  all  or  practically  all  the  lexical  material  ia 
subjected;  thus  a  recently  acquired  verb  like  to  telegraph  in  English  is 
handled  in  strict  analogy  to  the  great  mass  of  old  verbs  with  their  vary- 
ing forms.  Such  forms  as  he  vxUks  and  he  laughs  set  the  precedent 
for  he  telegraphs,  forms  like  waSciTig  and  laughing  for  telegraphing. 
Without  such  clear-cut  grooves  of  analogy,  indeed,  it  would  be  impos- 
sible to  learn  to  speak,  a  corollary  of  which  is  tiiab  there  is  a  limit  to 
the  extent  of  grammatical  irregutu'ity  in  any  language.  When,  for 
some  reason  or  other,  as  by  the  disintegrating  action  of  phonetic  laws, 
too  great  irregularity  manifests  itself  in  the  morphology  of  the  lan- 
gu^e,  the  force  of  snabgy  may  assert  itself  to  establish  comparative 
regularity — that  is,  forma  which  belong  to  ill-defined  or  sparsely  repre- 
sented morpholep  groups  may  be  replaced  by  equivalent  forms  that 
follow  the  aoalc^  of  better-defined  or  more  numerously  represented 
groups.  In  this  way  all  the  noun  plurals  of  English,  if  we  except  a 
few  survivals  hkefeet  and  oxen,  have  come  to  be  characterized  by  a 

..Google 


VAMBTIEB  OP  BUMaK  SPBECH — SAPIB.  587 

suffixed  -a;  the  analogical  power  of  the  old  -a  plurals  was  Btrong 
enough  to  traosf  orm  all  other  plurals,  of  which  Anglo^axon  possesaed 
several  distinct  types.  The  great  power  exited  by  analt^y  is  seen 
in  the  persistence  with  which  (diildren,  whose  minds  are  nstiiraUy 
unbiased  by  tradition,  use  such  forms  aa  foots  and  Tie  atoimmed.  Let 
US  not  smile  too  condescendingly  at  the  use  of  such  forms;  it  may  not 
be  going  too  far  to  say  that  there  is  hardly  a  word,  form,  or  sound  in 
present-day  English  which  was  not  at  its  first  appearance  looked 
upon  as  incoireot. 

The  disintegrating  influence  of  phonetic  change  and  the  leveling 
influence  of  analogy  are  perhaps  the  two  main  forces  that  make  for 
linguistic  change.  The  various  influences,  however,  that  one  language 
may  exert  upon  another,  generally  summed  up  in  the  word  "borrowing,' ' 
are  also  apt  to  be  of  importance.  As  a  rule  such  influence  is  limited 
to  the  taldng  over  or  borrowing  of  certain  words  of  one  language  by 
another,  the  phonetic  form  of  the  foreign  word  almost  always  adapt- 
ing iteelf  to  the  phonetic  system  of  the  borrowing  language.  Besides 
this  very  obvious  sort  of  influence,  there  are  more  subtle  ways  in  which 
one  language  may  influence  another.  It  is  a  very  noteworthy  phe- 
nomenon that  the  languages  of  a  continuous  area,  even  if  genetically 
unrelated  and  however  much  they  may  differ  among  themselves  from 
the  point  of  view  of  morphology,  tend  to  have  similar  phonetic  sys- 
tems or,  at  any  rate,  tend  to  possess  certain  distinctive  phonetic  traits 
in  common.  It  can  not  be  accidental,  for  instance,  that  both  the 
Slavic  languages  and  some  of  t^e  neighboring  but  absolutely  unrelated 
Ural-Altaic  languages  (sudi  as  the  Gheremiss  of  the  Volga  region)  have 
in  common  a  peculiar  dull  vowel,  known  in  Russian  as  yeri,  and  also  a 
aet  of  palatalized  or  so-called  "  sof  t "  consonants  alongside  a  parallel  set 
of  unpalatabzed  or  so-called  "hard"  consonants.  Similarly,  we  find 
that  Chinese  and  SiEunese  have  in  common  with  the  unrelated  Annamite 
and  certain  other  languages  of  Farther  India  a  system  of  musical 
accent.  A  third  very  striking  example  is  afforded  by  a  lat^  number 
of  American  Indian  linguistic  stocks  reaching  along  the  Pacific  coast 
from  southern  Alaska  well  into  California  and  beyond,  which  have  in 
common  peculiu"  voiceless  ^eounds  and  a  set  of  ao-caUed  "fortis" 
ooDsonuits  with  cracked  acoustic  effect  It  is  obvious  that  in  all 
these  coses  of  comparatively  uniform  phonetic  areas,  embracing  at  ^e 
same  time  diverse  linguistic  stocks  and  types  of  morphol<^,  we  must 
be  dealing  with  some  sort  of  phonetic  influence  that  one  language 
may  exert  upon  another.  It  may  also  be  shown,  though  parhaps  lees 
frequently,  thftt  some  of  the  morphologic  traits  of  one  language  may 
be  adopted  by  a  neighboring,  sometimes  quite  unrelated,  language, 
or  that  certaii)  fundamental  grammatical  features  are  spread  among 
several  unrelated  linguistic  stocks  of  a  continuous  area.  One  example 
of  this  sort  of  influence  will  serve  for  many.    The  French  express  the 
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numbers  70,  80,  and  90,  reapectively,  by  terms  meaning  60-10,  4 
twenties,  and  4  twenties  10;  these  numerals,  to  whi<^  there  is  no 
analogy  in  Latin,  have  been  plausibly  explained  as  survivals  of  a 
vigesimal  method  of  counting — thatia,  counting  by  twenties — the  num- 
bers above  20,  a  method  that  would  seem  to  have  been  borrowed  &om 
Gallic,  a  Celtic  language,  and  which  still  surriTes  in  Gaelic  and  other 
modem  CelUc  lai^uages.  This  example  ia  the  more  striking  as  the 
actual  lexical  influence  which  Celtic  has  exerted  upon  French  is 
surprisingly  small.  So  much  for  the  influence  of  borrowing  on  the 
history  of  a  language. 

We  may  turn  now  to  take  up-,the  matter  of  the  varieties  of  human 
speech.  One  method  of  claasifying  the  languages  of  the  worldhas  been 
already  referred  to;  it  may  be  tanned  the  genetic  metiiod,  inasmuch 
as  it  employs  as  its  criterion  of  classiflcation  the  demonstrable  relation 
of  certain  languages  as  divergent  forms  of  some  older  form  of  speech. 
As  we  have  already  seen,  the  linguistic  stocks  which  we  thus  get  as  our 
largest  unite  of  speech  are  too  nimierous  to  serve  aa  the  simplest  pos- 
sitde  reduction  of  the  linguistic  material  to  be  classified.  One  natu- 
rally turns,  therefore,  to  a  psychok^ical  clasaiflcation,  one  in  which  the 
daraificatory  criterion  is  the  fundamental  morphological  type  to  which 
a  particular  language  or  stock  is  to  be  assigned.  Such  a  classification 
of  morphological  types  may  proceed  from  different  points  of  view, 
varying  emphasis  being  laid  on  this  or  that  feature  of  morphology. 
It  is  clear  at  the  outset  that  we  have  to  distinguish  between  what  we 
may  call  the  subject  matt«r  or  content  of  morphology  and  the  mere 
form  pure  and  simple.  Any  grammatical  system  gives  formal  expres- 
sion to  certain  modes  or  categories  of  thought,  but  the  manner  of 
expression  of  these  categories  or  the  formal  met^d  employed  may 
vary  greatly  both  for  different  categories  and  for  different  limguages. 
Not  infrequently  the  same  logical  cat^ory  may  be  expressed  by 
different  formal  methods  in  the  same  language.  Thus,  in  English  tlw 
negative  idea  is  expressed  by  means  of  three  distinct  formal  methods, 
exemplified  by  utttruHiful,  with  its  use  of  a  prefix  un-,  which  can  not 
occur  as  a  freely  movable  word;  Iwpdas,  with  its  use  of  a  auffix  ■ieas, 
which  again  can  not  occur  as  a  freely  movable  word;  and  not  good,  in 
which  thenegativeidea  is  expressed  by  an  element  (not)  tiiat  has  enough 
mobility  to  justify  its  being  considered  an  independent  word.  We 
have  here,  then,  three  formal  processes  illustrated  to  which  may  be 
assigned  the  terms  prefixing,  suffixing,  and  juxtaposing  in  definite 
order.  While  the  same  logical  cat^ory  may  be  grammatically 
expressed  by  different  formal  methods,  it  is  even  more  evident  that 
the  same  general  formal  method  may  be  utilized  for  many  different 
categories  of  thought.  Thus,  in  En^ish  the  words  boosts  and  vorited 
use  the  same  method  of  suffixing  granunatical  elements,  the  one  to 
express  the  concept  of  plurality,  the  other  that  <^  past  activity.    The 
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words  feet  and  awam,  furthermore,  rflspectiveily  express  tiie  same  two 
ooDcepte  by  the  use  of  au  entirely  distinct  fwrnal  method,  that  of 
internal  vowd  change. 

On  the  whole  one  finds  that  it  is  possible  to  distinguish  between  two 
groups  of  grajnmatically  expressed  logical  cat^ories.  One  group 
may  be  characterized  aa  derivational;  it  embraces  a  range  of  concepts 
expressed  by  grammatical  elements  that  serve  to  limit  or  modify 
the  signification  of  the  word  auhjeoted  to  grammatical  treatment 
without  seriously  affecting  its  relation  to  other  words  in  the  sentence. 
Such  merely  derivational  elements  are,  in  English,  prefixes  like  wn-, 
suffixes  like  -iess,  agentive  suffixes  like  -er  in  baJcer,  and  numerouB 
others.  The  second  group  of  logical  concepts  and  corresponding 
grammatical  elements  may  be  characterized  as  relational;  ihe^  not 
merely  serve  to  give  the  word  affected  a  new  incremeait  of  meanii^, 
as  is  the  case  with  the  first  group,  but  also  assign  it  a  definite  syn- 
tactic place  in  the  sentence,  defining  as  they  do  its  relation  to  other 
words  of  the  sentauce.  Such  a  relational  grammatical  element,  in 
English,  is  the  plural  -a  suffix;  a  word,  for  instance,  like  hooka  differs 
from  its  corresponding  *^tIlg^l^^  hook  not  merely  in  the  idea  of  plurality 
conveyed  by  the  sufBx  -a,  but  in  tbat  it  assumes  a  different  grammat- 
ical relation  to  ot^r  words  in  the  sentence — a  book  ia,  but  hooka 
are.  Suoh  relational  elements  are,  furthermore,  the  case  and  gender 
suffixes  of  nouns  and  adjectives  in  Indogemianic  languages;  further- 
more, the  personal  endings  and  tense  sufi^xes  of  verbs.  On  the  whole 
it  may  be  said  that  derivational  elements  are  of  relatively  more  con- 
crete signification  than  the  relational  ones  and  tend  to  become  more 
thoroughly  welded  into  a  word  unit  with  the  b^sic  word  or  stem  to 
which  they  are  attached  or  which  they  afFect,  This  statemwt, 
however,  is  only  ^proximately  of  general  application  and  is  subject 
to  numerous  qualifications.  The  greatest  d^ree  of.  concreteness 
of  meaning  conveyed  by  derivational  elements  is  probably  attained 
in  many,  though  by  no  means  ail,  American  Indian  languages,  where 
ideas  of  laigely  material  content  are  apt  to  be  expressed  by  gram- 
matical means.  To  this  tendency  the  name  of  polys^thests  has 
been  applied.  Thus  in  Yaua,  an  Indian  language  of  northern  Cali- 
fornia, such  ideas  as  up  a  hill,  across  a  creek,  in  the  fire,  to  the  east, 
from  the  south,  immediately,  in  vain,  and  a  host  of  others  are  expressed 
by  means  of  grammatical  suffixes  appended  to  the  verb  stem;  so 
also  in  Nootka,  an  Indian  language  of  Vancouver  Island,  so  highly 
special  ideas  as  on  the  head,  in  the  hand,  on  the  rocks,  on  the  surface 
ik  the  water,  and  many  others  are  similarly  expressed  as  suffixes. 
It  is  important  to  note  that,  although  the  distinction  between  deriva^ 
tional  and  relational  grammatical  elements  we  have  made  is  clearly 
reflected  in  some  way  or  other  in  most  langoages,  they  differ  a  great 
deal  as  to  what  particular  concepts  are  treated    as  respectively 
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deriTational  or  relational.  Such  concepts  as  those  of  sexgeoideT, 
number,  and  tense,  which  in  Indogermanic  are  expressed  as  rela- 
tional elements,  are  in  other  linguistic  stocks  hardly  to  be  separated, 
as  r^ards  their  grammatical  treatment,  from  concepts  treated  in  a 
clearly  deriTational  manner.  On  the  other  hand,  demonstrativB 
ideas,  which  in  moat  Indogennanic  languages  receive  no  relational 
syntactic  treatment,  may,  as  in  the  Kwakiutl  language  of  British 
Columbia,  serve  an  important  relational  function,  analogous,  say, 
to  ihe  Indi^rmanic  use  of  gender;  just  as  in  Latin,  for  instuice, 
such  a  sentence  as  "I  saw  the  big  house"  is  expressed  by  "I-saw 
house-masculine-objeotive  big-mascuiine-objeotive,"  with  a  necessary 
double  reference  to  the  conc^ts  of  case  relation  and  gender,  so  in 
EwakiutI  the  sentence  "I  saw  the  house"  would  have  to  be  e;q>ree8ed 
hy  some  such  s«itence  as  "  I-saw-the-objective-near^you  house- 
visible-neu^you,"  witih  an  analogous  necessary  double  reference  to 
ihe  demonstrative  relations  involved.  If,  now,  it  has  been  shown 
that  no  necessary  correlation  exists  between  particular  logical  con- 
cepts and  the  formal  method  of  their  grammatical  rendering,  and  if, 
furthermore,  there  can  not  even  be  shown  to  be  a  hard  and  fast  line 
in  grammatical  treatment  between  concepts  of  a  derivational  and 
concepts  of  a  more  definite  relational  character,  what  becomes  of  the 
Ic^cal  category  per  s«  as  a  criterion  of  lii^istic  daaeification  on  the 
basis  of  form )  Evidently  it  fails  us.  C^  however  great  psychological 
interest  it  might  be  to  m^  out  the  distribution  in  various  linguistic 
stocks  of  logical  concepta  receiving  formal  treatment,  it  is  clear  that 
no  satisfactory  formal  classifieaticHi  of  linguistic  types  would  result 
from  such  a  mapping. 

Having  thus  disposed  of  the  subject  matter  of  linguistic  morphology 
as  a  olftsofioatoiy  oritwion,  there  is  left  to  us  the  form  pure  and 
simple.  Here  we  are  confronted  first  of  all  by  a  number  of  formal 
grammatical  methods  or  processes.  These,  being  less  numerous  than 
the  logical  categories  which  they  express  themselves,  and,  furthw- 
more,  being  on  the  whole  more  easily  defined  and  recognized,  would 
seem  to  lend  themaelvea  more  easily  to  olassificatory  purposes.  The 
simplest  grammatioal  proceeB  is  the  fuxtaposmg  ofvtonU  in  a  d^nite 
order,  a  method  made  use  of  to  perhaps  the  greatest  extent  by  Chinese, 
to  a  very  lai^  extent  also  by  E^liah;  the  possibilities  of  the  process 
from  the  point  of  view  of  grammatioal  effectiveness  may  be  illus- 
trated by  comparing  studi  an  Bnglinh  sentence  as  "The  man  killed 
the  bear"  with  "The  bear  killed  the  man,"  the  aotual  words  and 
iorma  being  identical  in  the  two  sentences,  yet  definite  case  relations 
being  clearly  expressed  in  both.  A  somewhat  similar  process,  yet 
easily  enough  kept  apart,  is  eompowt^ng;  that  is,  the  fusion  of  two 
words  or  independent  stems  into  a  firm  word  unit;  the  process  is  par- 
ticularly well  developed  in  English,  as  illustrated  by  words  like  rat2- 
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road  and  vndereaHTnaU,  and  indeed  ia  found  widely  spread  among  the 
most  diverse  linguifrtio  stocks.  In  some  languages,  as  in  t^  Sioux 
and  Faiute  of  our  own  ooiintiy,  oompounding  of  verb  atems  is  fre- 
quent, as  illustrated  by  such  foims  as  to  eoA-stand;  that  ia,toeai  vihUe 
Handing;  on  the  oUier  hand,  in  not  a  few  linguistic  stocks,  as  the 
widespread  Athabascan  stock  of  North  America  and  in  the  Semitio  lan- 
guages, compounding  as  a  r^ular  process  is  almost  or  entirely  lacking. 
Perhaps  the  most  commonly  used  formal  method  of  all  is  affixing;  that 
is,  the  appending  of  grammatical  elements  to  a  word  or  to  the  body 
or  stem  of  a  word;  the  two  most  common  varieties  of  affixing  are 
prefixing  and  suffixing,  examples  of  which  have  been  already  given 
from  E^hsh.  I^bably  the  majority  of  linguistic  stocks  make  use 
of  both  prefixes  and  suffixes,  thoogh  they  differ  greatJy  as  to  the  tA- 
ative  importance  to  be  attaohed  to  these  two  classes  of  elements. 
Thos,  while  both  in  Indogcirmanie  and  in  the  Bantu  languages  of 
A&ica  prefixes  and  suffixes  are  to  be  found,  we  must  note  that  the 
greater  part  of  the  grammatical  machinery  of  Indogermanio  is  carried 
on  by  its  suffixes,  while  it  is  the  prefixes  that  in  Bantu  take  the  Uon's 
share  of  grammatical  work.  There  are  also  not  a  few  linguistic  stocks 
in  which  suffixing  as  a  process  is  gready  developed,  while  {ffefixing  is 
entirely  unknown;  such  are  Ural-Altaic,  Eskimo,  and  the  KwakiutI 
and  Nootka  languages  of  British  Columbia.  On  the  other  hand,  lan- 
guages in  which  prefixes  are  used,  but  no  suffixes,  seem  to  be  quite 
rare.  A  third  variety  of  affixing,  known  as  infixing,  consists  in  insert- 
ing a  grammatical  element  into  the  very  body  of  a  stem;  though  not 
nearly  so  widespread  as  either  prefixing  or  suffixing,  it  is  a  welt- 
attested  linguistic  device  in  Malayan,  Siouan,  and  elsewhere.  Still 
another  widespread  grammatical  process  is  reduj^ieation;  that  is,  the 
repetition  of  the  whole  or,  generally,  only  part  of  the  stem  of  a  word; 
in  Indogermanio  we  are  familiar  with  this  process  in  the  formation, 
for  instance,  of  the  Greek  perfect,  while  in  many  American  Indian 
languages,  though  in  far  from  all,  the  process  is  used  to  denote 
repeated  activity.  Of  a  more  subtle  character  than  the  grammatical 
processes  briefly  reviewed  thus  far  is  internal  vowel  or  consonant  change. 
The  former  of  these  has  been  already  exemplified  by  the  English  words 
feet  and  Bioam  as  contrasted  with/<wt  and  mnm;  it  attains  perhaps  its 
greatest  degree  of  development  in  the  Semitio  languages.  The  latter, 
internal  consonant  change,  is  on  the  whole  a  somewhat  rare  phenom- 
enon, yet  finds  an  illustration  in  English  in  at  least  one  group  of  cases. 
Beside  such  nouns  as  Jumse,  mouse,  and  te^,  we  have  derived  verbs 
such  as  to  htmae,  mouse  around,  and  teeth;  in  other  words  a  certain 
class  of  verba  is  derived  from  corresponding  nouns  by  the  changing 
of  the  final  voiceless  consonants  of  the  latter  to  the  corresponding 
voiced  oonaonanta.  In  several  non-Indogermanic  languages,  as  in 
Takelma  of  sonthweetem  Oregon  and  in  Fulbe  of  the  Soudan,  such 
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grammatical  coosonant  changes  play  a  very  important  part.  Aa  th« 
last  formal  graimuataoal  process  oi  importance  may  be  mentioned 
aeeent,  and  here  we  have  to  distinguish  betveen  stress  accent  and 
musical  or  pitch  accent.  An  oxcollent  example  of  the  grammatical 
use  of  stress  accent  is  afforded  in  TJ'.nglinh  by  such  pairs  of  worda  as 
e^nfiid  and  eotiflia,  6bjeci  and  objSct,  the  verb  bmng  accented  on  the 
second  syllable,  the  noun  on  the  first.  Musical  accent  is  a  far  more 
prevalent  phonetic  characteristic  than  is  perhaps  generally  supposed; 
it  is  by  no  means  confined  to  Chioese  and  ncoghboring  languages  of 
eastAm  Asia,  but  is  found  just  as  weil  in  many  languages  of  Africa 
and,  as  has  been  recently  discovered  by  Mr,  J.  F.  Harrington  and  the 
writer,  in  a  few  North  American  Indian  languages.  As  a  process  of 
definite  grammatical  significance,  however,  musical  accent  is  not  so 
widespread.  It  is  found,  to  give  but  one  example,  in  the  earlier 
stages  of  Indogermanio,  as  exempUfied,  among  others,  by  classical 
Greek  and  by  Lithuanian. 

Havii^  thus  briefly  reviewed  the  various  grammatical  processes 
used  by  different  languages,  we  may  ask  ourselves  whether  the 
mapping  out  of  the  distribution  of  these  processes  would  be  of  more 
service  to  us  in  our  quest  of  the  main  types  of  language  than  we  have 
found  the  grammatical  treatment  of  logical  concepts  to  be.  Here  a 
difficulty  presents  itself.  If  each  linguistic  stock  were  characterized 
by  the  use  of  just  one  or  almoat  entirely  one  formal  process,  it  would 
not  be  difficult  to  classify  all  languages  rather  satisfactorily  on  the 
basis  of  form.  But  there  are  great  differences  in  this  re^>ect.  A 
minority  of  linguistic  stocks  content  themselves  with  a  consistent 
and  thoroughgoing  use  of  one  process,  as  does  Eskimo  with  its  suffix- 
ing of  grammatical  elements,  but  by  far  the  larger  number  make  use 
of  so  many  that  their  classification  becomes  difficult,  not  to  say 
arbitraiy.  Thus  in  Greek  alone  evwy  one  of  the  processes  named 
above,  excepting  consonant  change,  can  be  exemplified.  Even  if  we 
limit  ourselves  to  a  consideration  of  grammatical  processes  employed 
to  express  the  relational  conc^ts,  we  shall  find  the  same  difficulty, 
for  the  same  language  not  infrequently  makes  use  of  several  distinct 
processes  for  concepts  of  this  class. 

On  a  closer  study  of  linguistic  morphology,  however,  we  find  that 
it  is  possible  to  look  at  the  matter  of  form  in  language  from  a  different, 
at  the  same  time  more  generalized,  point  of  view  than  from  that  of 
the  formal  processes  employed  themselves.  This  new  point  of  view 
has  regard  to  the  inner  coherence  of  ihe  words  produced  by  the  opera- 
tion of  the  various  grammatical  processes;  in  other  words,  to  the 
relative  degree  of  unity  which  l^e  stem  or  unmodified  word  plus  ite 
various  grammatical  increments  or  modifications  possesses,  emphasis 
being  particularly  laid  on  the  degree  of  unity  which  tiie  grammatical 
processes  bring  about  between  the  stem  and  the  increments  which 
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eGq>re88  lelatioDal  concepts.  On  the  basis  of  this  fonnal  criterion  we 
ma;-  ctaasify  languages,  at  least  for  the  purposes  of  this  paper,  into 
the  three  main  types  of  linguistic  morphology  generally  recognized. 
The  first  type  is  characterized  by  the  use  of  words  which  allow  of  no 
grammatical  modification  whatever;  in  other  words,  the  so-called 
ist^ating  type.  In  a  language  of  this  type  all  relational  concepts  are 
eiqiressed  by  means  of  the  one  simple  device  of  juxtaposing  words  in 
a  definite  order,  the  words  themselves  remaining  unchangeable  units 
that,  according  to  their  position  in  the  sentence,  receive  various 
relational  values.  The  daasical  example  of  sudi  a  language  is 
Chinese,  an  illustration  from  which  will  serve  as  an  example  of  the 
isolating  type  of  sentence,  two*  (rising  from  deep  tone)  p&'  (rising 
from  high)  p'a*  (sinking  from  middle)  fS*  (high)  may  be  literally 
translated  "I  not  fear  he,"  meaning  "I  do  not  fear  him;"  woo*  "I" 
as  subject  comes  first;  p'd*"teax"  as  predicate  follows  it;  p&  "not," 
inasmuch  as  it  limits  the  range  of  meaning  ^ven  by  the  predicate, 
muet  precede  it,  hence  stands  between  the  eubiect  and  predicate; 
finally  t'd'  "he"  as  object  follows  the  predicate.  If  we  exchange  the 
positions  of  wdo*  and  t'&^  we  (^ange  their  syntactical  bearing;  wdo' 
"I"  becomee  "me"  as  object,  while  C5',  which  in  our  first  sentence 
was  beet  translated  as  "him"  now  becomes  "he"  as  subject,  and  the 
sentence  now  t^es  on  tiie  meaning  of  "he  does  not  fear  me." 

In  the  second  main  type  of  laDguage,  generally  known  as  the 
ogglviiTiatiDe,  the  words  are  not  generally  imanalyzable  entities,  as  in 
Chinese,  but  consist  of  a  stem  or  radical  portion  and  one  ormore  gram- 
matical elements  which  partly  modify  its  primary  signification, 
portly  define  its  relation  to  other  words  in  the  sentence.  While  these 
grammatical  elements  are  in  no  sense  independent  words  or  capable 
of  being  understood  apart  from  their  proper  use  as  subordinate  porta 
of  a  whole,  they  hove,  as  o  rule,  their  definite  signifioation  and  are 
used  with  quosi-mechanioal  regulority  whenever  it  is  considered 
grammatically  neceesaiy  to  express  the  corresponding  logical  concept; 
the  result  is  that  the  word,  though  a  imit,  is  o  cleorly  segmented  one 
comparable  to  a  moeuc.  An  exomj^  taken  from  Turkish,  a  typical 
agglutinative  language,  will  give  some  idea  of  the  spirit  of  the  type  it 
represraits.  The  English  sentence  "They  were  converted  into  the 
(true)  faith  with  heart  and  soul"  is  rendered  in  Turkish  dtan  u 
fflhuil-den  iman-a  gel-{r4er,^  literally  translated,  "Heart  and  soul- 
from  belief-to  oome-ing-plurol."  The  caae-ending  -den  "from"  is 
here  appended  only  to  glhM  "toul"  and  not  to  dian  "heart,"  though 
it  applies  equally  to  both;  here  we  see  quite  clearly  that  a  case-ending 
is  not  indissolubly  connected  with  the  noun  to  which  it  is  appended, 
but  baa  a  considerable  d^ree  of  mobility  and  corresponding  tronspa- 

1  m*  TurkUi  Kid  Chloan  nrtniplffl  an  takaa  from  F.  N.  Ftnok^  "Dla  BuipttypcD  dat  BpndibMii.'' 
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leaxiy  of  meaning.  The  verb  form  geldT-ler,  which  may  be  roughly 
translated  as  "they  come,"  is  also  instructiTe  from  our  preemit  point 
of  view;  the  ending  4er  or  -lar  is  quite  mechanio&lly  used  to  indicate 
tiie  oonoept  of  plurality,  whether  in  noun  or  verb,  so  that  a  verb  form 
"they  come,"  really  "oome-plural,"  is  to  some  extent  parallel  to  a 
noun  form  like  "books,"  really  "book-plural."  Here  we  see  clearly 
tiie  mechanical  regularity  with  which  a  logical  concept  and  ita  corre^ 
spending  grammatical  element  are  associated. 

In  the  third,  the  injUt^me,  type  of  language,  while  a  word  may  be 
analyzed  into  a  radioal  portion  and  a  number  of  subordinate  gram- 
matical elements,  it  is  to  be  noted  that  the  unity  fonned  by  the  two  is 
a  very  firm  one,  moreover  that  there  is  by  no  means  a  mechanical  one* 
to-one  conespondenoe  between  concept  and  grammatical  element. 
An  example  from  Latin,  a  typical  inflective  language,  will  illustrate 
the  difference  between  the  a^lutinative  and  inflective  types.  In  a 
sentence  like  vitJed  Iwrmknit  "I  see  the  men,"  it  is  true  that  the  verb 
form  vided  may  be  analyzed  into  a  radical  portion  vnde-  and  a  personal 
ending  -o,  also  that  the  noun  form  Juyminea  m&y  be  analyzed  into  a  rad- 
ical portion  homin^  and  an  ending  -Sa  which  combines  the  concepts  of 
plurality  with  objectivity;  that  is,  a  concept  of  number  with  one  of 
case.  But,  and  here  comes  the  significant  point,  these  words,  when 
stripped  of  their  endings,  cease  to  have  even  a  semblance  of  meaning, 
in  other  words,  the  endings  are  not  merely  agglutinated  on  to  fully 
fonned  words,  but  form  firm  word-units  with  the  stems  to  which  they 
are  attached;  the  absolute  or  rather  subjective  form  homo,  "man,"  is 
quite  distinct  from  the  stem  lurmiTir  which  we  have  obtained  by  analy- 
sis. Moreover,  it  should  be  noted  that  the  ending  -5  is  not  meohani- 
catly  associated  with  the  concept  of  subjectivity  of  the  first  person 
singular,  as  is  evidenced  by  such  forms  as  ^Adl  "I  saw"  and  videam 
"I  may  see";  in  the  ending  -it  of  homijtsa  the  lack  of  the  mechanical 
association  I  have  spoken  of  is  even  more  pronounced,  for  not  only 
are  there  in  Latin  many  other  noun  endings  which  perform  the  same 
function,  but  the  ending  does  not  even  express  a  single  concept,  but, 
as  we  have  seen,  a  combined  one. 

The  term  poh/aynihetie  is  often  employed  to  designate  a  fourth 
type  of  language  represented  chiefly  in  abori^al  America,  but,  as  has 
been  shown  in  another  connection,  it  refers  rather  to  the  content  of  a 
morpholo^c  fffstem  than  to  its  form,  and  hence  is  not  strictly  parallel 
as  a  olasdfloatory  term  to  the  three  we  have  just  examined.  As  a 
matter  of  fact,  there  are  polyayntheHc  languages  in  America  which 
are  at  the  same  time  ag^utinative,  others  which  are  at  the  same  time 
inflective. 

It  ^ould  be  carefully  borne  in  mind  that  the  terms  isolating,  agglu- 
tinative, and  inflective  make  no  necessary  implications  as  to  the  logical 
concepts  the  language  makes  use  of  in  its  grammatical  system,  nor  is 
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it  possible  definitely  to  assooiftte  these  three  types  with  particular 
formal  processee.  It  is  clear,  however,  that  on  the  whole  languages 
which  make  use  of  word  order  only  for  granmiatical  purpoees  are  isolat- 
ing in  type,  further,  that  languages  that  make  a  liberal  grammatical 
use  of  internal  vowel  or  consonant  chaise  may  be  suspected  of  being 
inflective.  It  was  quite  customary  formerly  to  look  upon  the  three 
main  types  of  morphology  as  steps  in  a  process  of  historical  develop- 
ment, the  isolating  type  representing  the  most  primitive  form  of 
speech  at  which  it  was  possible  to  arrive,  the  agglutinative  coming 
next  in  order  as  a  type  evolved  from  the  isolating,  and  the  inflective 
as  the  latest  and  so-c&lled  highest  type  of  all.  Further  study,  how- 
ever, has  shown  that  there  is  little  to  support  this  theory  of  evolution 
of  types.  The  Chinese  language,  for  instance,  so  far  from  being  typ- 
ical of  a  primitive  stage,  as  used  to  be  asserted,  has  been  quite  con- 
clusively proven  by  internal  and  comparative  evidence  to  be  the  re- 
sultant of  a  long  process  of  simplification  from  an  agglutinative  type 
of  language.  English  itself,  in  its  historical  affiliations  an  inflective 
language,  has  ceased  to  be  a  clear  example  of  the  inflective  type  and 
may  perhaps  be  said  to  be  an  isolating  language  in  the  making.  Nor 
should  we  be  too  hasty  in  attaching  values  to  the  various  types  and, 
as  is  too  often  done  even  to-day,  look  with  contempt  on  the  isolating, 
condescendingly  tolerate  the  agglutinative,  and  vaunt  the  superiority 
of  the  inflective  type.  A  well-developed  agglutinative  langu^e  may 
display  a  more  logical  system  than  the  typically  inflective  language. 
And,  as  for  myself,  I  should  not  find  it  ridiculous  or  even  paradoxical 
if  one  asserted  that  the  most  perfect  linguistic  form,  at  least  from  the 
point  of  view  of  logic,  had  been  attfuned  by  Chinese,  for  here  we  have 
a  language  that,  with  the  simplest  possible  means  at  its  disposal,  con 
express  the  most  technical  or  philosophical  ideas  with  absolute  lack 
of  ambiguity  and  with  admirable  conciseness  and  directness. 
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■N^  love  for  militATy  training  in  idleness, 
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nose  cities  which  forb&dp  every  citizen 

ucal  profession;  for,  thought  he,  the  bouI 

'b  weakened,  and  workmen  are  poorlv 

ANCIENT  GREECE  A.  f^^  tj^e  exigencies  of  miHtary  stnig- 


'■>  hands  for  him- 

The  manipulation  and  the  preparation  of  ordinary  "^tizen 
food  produoto  were  at  first  carried  on  in  Grecian  homee  c\  of  life 
by  menibers  of  the  family,  ead  latar  tlie  service  of  slayss  was  ,,     j 
,  for  such  work,    p^mnari/.  ^ir"^ugtix  ""  more  general  up  to  ojir  ts„^ 
and.it  decreased  and  gave  way  only  because  of  the  enormous  m>. 
provementa. £if - mantif Bcture Jn  ^ops  and  on  a  large  scale,  and  the' 
increase  in  facilities  of  communication  and  for  transport. 

In  ancient  Greece  domestic  industry  was  the  common  custom. 
The  poorest  did  not  hesitate  to  have  at.Jeast  ODe_or  two^^av^ioj- 
.grinding  their  grain,  for  making  their  bread,  as  well  as  for  reaj)ing 
and  for  weaving_£6rment8. 

Artisans  were  at  first  forced  to  practice  several  trades  at  once  to 
gain  a  living.  In  small  citiee  the  same  class  of  workmen  made  bed- 
steads, doors,  plows,  tables,  and  even  built  houses. 

The  division  of  work  depended  on  commerce  and  its  demands. 
And  during  the  great  epoch  in  Greece  one  even  saw  the  cooks,  just 
as  they  do  in  otur  day  to  the  detriment  of  the  middle  class,  acquiring 
an  individual  reputation  each  for  a  specialty-~-one  for  the  frying  of 
fish,  another  for  lentU  bread,  etc.  In  the  potteries  tiiere  were  special 
workmen  for  vasea;  others  for  making  only  lamps,  and  others  for 
statuettes.  This  was  a  step  toward  trade  and  manufacbires,  prop- ' 
erly  so  called. 

Many  cities  specialized  in  certain  products,  due  to  favorable  locsl 
conditions,  to  the  possession  of  trade  secrete.  Thus  commerce  de- 
manded from  Megara  only  "exomides"  or  the  coarse  clothes  for 
slaves  which  all  needed,  and  all  the  inhabitants  of  Megara  were  sup- 
ported by  their  manufacture.  Likewise,  gauze  robes,  '  'chlamides," 
were  the  specialty  at  Miletia  and  perfumes  and  pottery  at  Athens, 
The  skill  of  the  bronze  workeis  of  Corinth  was  wonderful. 

But  it  would  be  incorrect  to  assume  that  the  citizens  of  these 
places,  either  as  a  whole  or  in  great  part,  were  themselves  actually 
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iiikctaTee  and  executed  the 
usly  forbidden  to  work  at 
*^wayB  existed  to  a  greater 
^dotus  (II,  167)  expressly 

^i^edutnicsl  arte  and  even  their  chil- 
leoa.  On  the  otiieT  hand,  they  eateeni  an 
^^  jftxado  whatever  and  especially  those  who 
prottiaeion  of  anna.  All  Greeks,  and  particularly  the 
Khooled  in  these  principles, 
^ere  free  men  chiefly  were  employed  were  all  small 
Aen  at  the  moat.  An  inscription  at  Athens  giving  a 
£eu  shows  that  in  the  fifth  century,  the  grand  century, 
i^rkmen  were  atill  in  the  majority,  for  this  list  includes  24 
IS,  40  mfit^uea  (foreigners  from  other  Grecian  cities),  and 
fn  slaves.  The  majority  of  these  free  men  were  for  the  most 
iffart  foreigners,  without  rights  of  citizenship,  whom  misfortune  had 
driven  from  their  homes.  In  a  workshop  at  the  sanctuary  of  Eleuais 
there  were  39  mitdquee,  36  Athenians,  and  12  barbarians  or  wan- 
dering workmen,  who  came  to  offer  their  services,  but  not  slaves. 
The  period  of  the  fifth  centiuy  was  the  most  auspicious  and  the 
most  brilliant  in  ancient  Greece.  Agriculture  was  then  still  pre- 
doQunant  in  Attica. 

But  that  condition  was  completely  overturned.  The  philoso- 
phers themselves  turned  aside  the  Greeks  from  manual  labor. 
Their  teaching  as  well  as  their  example  tended  to  create  an  intellec- 
tual £lite,  an  aristocracy  of  mind,  much  above  the  mass.  But  they 
had  overreached  their  mark  in  inspiring  a  contempt  for  work.  To 
believe  one's  self  too  much  above  others  destroys  the  equilibrium. 
Socrates  himself  did  nothing.  He  did  not  even  write  his  moral 
teachings.  While  preaching  a  contempt  for  sordid  gain,  he  did  not 
study  the  subject  close  enough  to  understand  the  need  of  being  busy, 
everything  censuring  idleness. 

In  the  professions  that  tend  toward  wealth  Plato  could  see  only 
selfishness,  baseness  of  spirit,  the  degrading  of  the  finer  sensibiUtiea. 
In  such  appreciation  there  is  a  moral  element  of  a  delicate  and  ele- 
vating nature.  But  Plato,  like  Aristotle,  came  to  see  in  commerce 
and  industry  two  evils  of  society.  His  moral  ideal  was  joined  with 
that  ideal  of  simplicity  of  primitive  epodis  when  the  worst  brigand- 
age, viewed  from  afar,  was  colored  with  heroic  virtue.  "If,"  said 
he,  "astronomers,  very  modest  magistrates  chained  with  the  polic- 
ing of  streets  and  dw^linga,  with  cleanliness  and  good  order,  should 
perceive  anyone  of  their  number  neglecting  the  study  of  virtue  to 
practice  a  trade,  they  should  overwhelm  him  with  reproaches  and 
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contempt."  Spertomania,  a  love  for  military  training  in  idlenees, 
riiould  be  vigorously  condemned. 

Xenophon  commended  those  cities  whidi  forbade  every  citizen 
from  practicing  the  mechanical  profession ;  for,  thought  he,  the  soul 
ia  thua  degraded,  the  body  is  weakened,  and  workmen  are  poorly 
prepared  by  the  sedentary  life  for  the  exigencies  of  military  strug- 
^es. 

At  Thebes  iho  practice  of  a  trade  was  intjbmpatible  wit^  the  exer- 
<»ae  of  a  magistracy. 

According  to  Aristotle  himself,  mechanical  employmente  were 
unworthy  of  a  free  num.  For  one  to  work  with  his  hands  for  him- 
self, well  and  good,  but  to  work  for  others,  that  was  to  perform  the 
labor  of  a  mercenary  and  a  slave.  In  order  to  be  a  citizen  one 
should  be  free  from  labors  necessary  for  t^e  maintenance  of  life. 
The  spirit  of  man,  in  order  to  unfold  itself,  must  have  freedom,  and 
freedom  is  leisure.  Aristotle  even  believed  that  all  workmen  were 
foreigners  or  slaves, 

Plutarch  professed  contempt  for  all  manual  labor.  "While  tak- 
ing pleasure  in  the  work,"  says  he,  "we  despise  tJie  workman, 
though  that  workman  be  a  talented  artist,  such  as  Phidias." 

Aristophanes,  in  his  turn,  had  only  reproachful  peals  of  laughter 
for  those  who  worked  with  their  hands  in  commerce  or  industry — for 
Lysiclee,  a  sheep  dealer;  for  Hyperboles,  a  maker  of  lamps;  for  the 
great  Euripides  himself,  "the  son  of  a  fruit  trader." 

The  law  wisely  prohibited  castii^  a  stigma  on  a  citizen  of  Athens 
for  a  trade  he  had  practiced  at  the  Agora,  but  pubUc  opinion  went 
further  and  they  struck  a  man  from  the  list  of  citizens  simply  because 
his  mother  sold  ribbon  at  a  market.  A  law  was  even  proposed  for 
reducing  all  artisans  to  servitude. 

The  inevitable  consequence  and  force  of  such  prejudices  would  be 
to  bring  about  the  gradual  fall  of  a  free  workman,  the  despising  and 
abandonment  of  mechanical  arts,  and  placing  idleness  pure  and  simple 
above  everjrthing.  It  is  truly  painful  to  know  that  the  ceramic 
workmen  of  Athens,  who  ori^ated  so  much  and  advanced  bo  far 
for  ail  time  the  artistic  reputation  of  their  city,  were  utterly  despised. 
They  have  not  left  a  trace  in  history.  Their  studios  were  not  numerous 
and  their  quarters  became  those  of  classes  of  the  lower  ranks.  This 
was  not  perhaps  what  philosophers,  lovers  of  intellectual  culture, 
would  wish  in  emancipation  from  despised  material  cares,  those  who 
taught  nobility  of  life  in  advising  estrangement  from  the  base  tasks 
and  sordid  gains.  But,  thinking  only  of  exalting  themselves,  countii^ 
only  a  small  61ite  as  capable  of  being  consecrated,  tike  themselves, 
to  science  and  virtue,  they  were  in  the  eyes  of  all  the  nation  devoted 
to  a  fatal  ideal,  already  well  spent,  which  was  to  Uve  by  doing  nothing, 
from  the  work  of  the  slaves.  ,  ~  i 
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Ilie  downfall  began  about  tbeir  time,  frmn  the  fourth  century, 
since  in  their  social  improvidence  they  did  not  dream  of  aaeuriiig 
the  duration  of  the  flame  which  they  brightened  but  for  a  moment. 

Their  principal  mistake,  shared  by  all  the  idle  clasaeB,  hastened 
in  turn  by  the  gradual  increase  of  intelligence  among  all  those  who 
were  forced  to  do  something,  was  to  believe  that  the  faculties  would 
remun  intact,  and  the  power  to  think  and  to  do  would  keep  awake 
notwithstanding  habitual  inaction  and  without  a  constant  exercise 
of  the  brain.  They  have  believed  that  one  could  conserve  the  taste 
for  beautiful  things,  though  never  realizii^  or  even  attempting  great 
deeds. 

And  the  power  of  Greece,  formed  by  the  struggles  and  through  the 
expeditions  of  conquest  and  commerce  pursued  during  the  ninth 
and  eighth  centuries  on  all  sides,  evtsi  as  far  as  the  Black  Sea,  in 
France,  in  Africa,  in  Spain,  with  wonderful  boldness,  was  weakened 
at  t^e  end  of  this  period  into  an  ^;otistic  selflshnees  from  the  riches 
which  were  accimiulated.    Greece  deteriorated,  and  was  then  debased. 

In  his  life  of  idleness  the  Greek  developed  his  oratorical  faculties. 
He  must  speak  at  the  tribune,  in  the  gymnasium,  no  matter  how  un- 
prepared, or  frtiether  there  was  anyone  to  listen  to  him.  Beady 
speech  and  blundering  boastfulneas  became  after  awhile  the  charac- 
teristics of  the  race.' 

No  one  then  wished  to  work  longer.  And  already  in  the  fourth 
century  the  philosopher  Hippios  was  a  subject  of  wonder  because  he 
made  his  own  clothes  and  shoes.  All,  however,  deeired  more  than 
ever  to  enjoy  every  comfort  and  to  sport  in  luxury.  Then  the  in- 
creasing of  slaves  rapidly  became  tremendous.  This  was  the  visible 
reason  for  the  decay  and  decline  of  ancient  Greece.  They  had 
slaves  in  all  conditions  of  life  and  in  all  d^;rees  of  the  field  of  labor. 
And  what  slaves  I 

One  saw  in  ancient  Greece  some  things  of  the  kmd  observed  in  cen- 
tral Africa  in  our  day.  Abductions  of  children  were  frequent,  and 
public  ceremonies  themselves,  attracting  the  crowds,  were  ordinary 
occasions  for  it.  The  Greek  law,  besides,  authorized  parents  to  aban- 
don their  children  on  the  highway.  Those  who  received  them  raised 
them  in  slavery.  At  Thebes  the  father  who  wished  to  be  rid  of  his 
child  for  profit  took  it  to  the  magistrates,  who  sold  it  at  auction.  At 
Athens  the  father  could  sell  his  daughter  only  when  guilty  of  miscon- 
duct. Solon  had  slavery  abolished  for  debts,  but  the  custom  never- 
theless was  generally  in  force.  And  even  at  Athens,  at  the  revision 
of  lists  of  citizens,  whoever  was  fraudulently  inscribed  was  sold. 
Flato,  who  wanted  all  manual  work  executed  under  constraint  by 
the  slave,  was  himself  embarked  by  Denys,  of  Syracuse,  on  a  Lace- 
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daoonian  vessel,  transported  to  Mffni,  perhaps  his  nBtive  luid,  and 
put  on  sale  as  a  slave. 

It  mattered  not  who  might  demand  a  free  man  as  a  slave;  each 
a  one  was  without  defense  unless  s  citizen  assumed  tor  him  the 
cost  of  trial.  The  prisoners  of  war  made  by  the  Greeks  could  be 
freed  by  exchange  or  ransom.  And  it  came  to  pass  that  with  prc^reaa 
in  morals  and  wealth  the  custom  was  established  of  paying  the 
ransoms  rather  than  to  allow  citizens,  parents,  compatriots  to  faU 
into  slavery.  In  406  B.  C.  the  Spartans  and  their  allies,  having 
conquered  Methymna,  were  on  the  point  of  selling  all  the  inhabitants; 
but  their  chief  refused  to  reduce  Greeks  into  slavery.  A  kind  of 
patriotism  between  races  of  the  same  tongue  and  the  same  culture 
existed  then.    It  was,  however,  only  the  end  of  the  fifth  century. 

Afterwards  they  wished  no  longer  to  have  slavea  when  considera- 
tions of  such  nature  would  oblige  good  treatment.  The  penal  code  -, 
provided  strenuous  ordinances  as  to  the  service  of  slaves  to  their 
owners.  Their  only  recourse  against  the  cruelty  of  their  mastera 
was  flight,  and  flights  of  slaves,  partly  for  t^t  reaeon,  were  common. 
Some  masters  at  first  treated  their  slavea  well,  as  "children"  of 
their  families;  these  wm%  the  ones  in  domestic  service.  Tb0y  no 
longer  had  names.  The  killing  of  one  of  them  was  considered  as 
unintentional  homicide.  They  could  own  nothing,  and  the  money 
they  were  permitted  to  have  most  often  returned  to  the  master,  who 
thus  allowed  them  means  for  ransom. 

1  Some  family  relations  were  permitted  between  slaves,  but  they 
were  not  recognized  by  the  law.  The  master  who  cohabited  with  a 
slavecontracted  no  ob%ation  whatever,  the  union  being  ignored  by  the  . 
law.  If  he  had  a  child  by  a  slave,  it  was  regarded  as  without  a  father, 
coming  from  the  mother  only,  and  was  the  property  of  the  maeter, 
its  father  in  this  particular  case,  the  same  as  any  other  child  bom  of 
slaves.  But  we  find  that  many  of  these  children  were  inooip(»ated 
into  the  family  by  emancipation  and  adoption.  We  have  here  a 
very  grave  condition,  for  we  know  that  these  sexual  relations  <^ 
maatera  with  their  slaves  was  common.  Philip  of  Macedonia  gave 
to  Fhilocrates  numerous  wives  from  Olynthus  for  the  sake  of 
debaucheries  in  the  year  346.  On  account  of  this  present,  he  was 
considered  as  a  traitor  and  was  obliged  to  exile  himself. 
'  Deprived  of  every  right,  a  mere  thir^  or  beast  of  burden,  subject 
to  the  wiU  of  the  master,  the  slave  could  be  foroed  to  labor  without 
mercy  under  the  pretense  of  the  mercantile  plea  and  the  need  of 
development  of  industridism.  The  Greeks  were  skillful  in  reducing 
expenditure  in  behalf  of  their  slaves  in  extraordinary  proportions. 
Under  existing  conditions  slave  labor  returned  to  employers  such 
results  and  profits  as  they  could  never  secure  from  free  a 
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Citizen  workmen  could  not  resiat  Buch  a  condition,  and  becddes, 
the  allurement  of  gain  led  all  Hellenic  society  to  resort  mora  and 
more  to  slave  labor. 

The  municipalities  themselves  engaged  contractors  to  go  abroad 
in  search  of  cargoes  of  slaves,  paying  all  the  expenses.  Xenophon, 
seeking  a  way  to  enrich  Athens  without  the  risks  of  war,  inaiated  on 
working  the  silver  mines,  and  for  that  labor  proposed  to  buy  10,000 
slaves,  the  purchase  of  which  he  said  would  be  quickly  compensated 
for  by  the  cheap  cost  of  their  labor. 

An  estimate  has  been  made,  and  we  know  that  Xenophon  was 
entirely  rig^t.  A  free  laborer  for  360  clays'  work  coat  540  drachmas 
(S75).  A  slave  whose  maintenance  cost  2  or  3  oboles  (5  to  8  cents) 
per  day  would  accomplish  the  same  amount  of  labor  for  180  drachmas 
($26).  But  there  remains  the  purchase  price  of  300  drachmas. 
The  interest  of  that  amount  at  12  per  cent,  the  rate  at  tWt  period, 
represented  36  drachmas  ($5)  a  year.  The  slave  could  ho  doubt 
work  10  years  or  more.  By  redeeming  his  purchase  price  in  five 
years  one  would  be  guaranteed  against  all  risks  of  siclmess  for  a 
number  of  even  feeble  slavw.  This  cost  for  quick  redemption  would 
represent  only  60  drachmas  per  year.  And  incorporating  it  in  the 
annual  revenue  from  the  work  of  a  slave,  all  this,  interest  on  pur^ 
chase  price  included,  would  be  only  276  drachmas.  Take  the  round 
sum  of  300  drachmas,  and  we  have  the  advantage  over  the  cost  of  a 
free  laborer  of  240  drachmas  (S33.34)  the  first  year.  This  shows  that 
one  would  be  reimbursed  for  the  purchase  price  of  a  slave  the  first 
year  within  44  francs  ($8.50)  and  entirely  so  in  15  months. 

Some  contractors,  having  need  of  manual  labor  for  only  a  time, 
hired  slaves  at  an  obole  (about  2i  cents)  per  day,  instead  of  engag^i^ 
tree  men.  Even  if  they  paid  the  same  price  aa  for  a  free  man  there 
was  still  an  advantage  in  employing  slaves,  because  they  could 
compel  them  to  do  what  they  wished.  Therefore  thb  purchase  of 
slaves  for  hiring  out  was  a  very  profitable  undertaking.  Everyone 
then  wanted  to  have  slaves.  A  modest  artisan  able  to  buy  some 
tools  for  the  use  of  a  slave  had  a  workshop  and  became  a  master  in 
a  modest  way.  The  workmen  at  the  mint  in  Athens  were  public 
slaves.  It  neulted  that  at  Athens  the  class  that  we  would  call  com- 
mon people  made  then-  living  from  the  work  of  slaves.  Personal 
wealth,  what  has  since  been  called  capital,  was  then  acquired,  as  I 
have  said,  through  slave  labor,  for  the  firat  time.  The  idea  of  capi- 
tal was  not  thought  of  before  Aristotle.  We  know  the  condition  of 
many  individual  fortunes,  especially  through  the  pleadings  of  law- 
yers. We  thus  learn  that  a  certain  Fhainippos  derived  from  the  sale 
of  his  wine,  barley,  and  timber  the  relatively  large  sum  of  3,600 
drachmas  (S500).    With  1,000   slaves   N^iccas,  working  the  alver 
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minea  of  Laurium,  made  100  talenta  ($115,000),  an  enormoua  return, 
a  colossal  fortune  for  that  period. 

Ifinu^  concessioiis  were  geno'ally  much  parceled  out,  and  there 
waa  little  mining  done  in  Greece,  some  silver  at  Siphuus;  gold  at 
Cyprus,  at  lliaos,  on  the  coast  of  lilirace,  in  Asia,  m  Colchis,  in 
Lydia;  and  copper  in  Euboea,  in  Ai^ob,  at  Sicyon,  and  especially  at 
Cyprus.    All  the  miners  were  slaves. 

In  the  inheritance  of  a  certain  Conon  there  was  a  factory  with  some 
slaves  making  ordioaiy  textile  fabrics  and  a  shop  with  some  dni^ist 
slaves. 

The  incomes  of  citizeziB  were  thus  dependent  on  the  work  of  slave 
weavers,  cutlers,  pharmacists,  etc.  There  is  mentitmed  a  woibshop 
with  120  slave  foi^emen  or  smiths. 

The  shoemakers  worked  by  a  certain  Timarque  yielded  him  each 
day  2  oboles  (about  5  cents)  per  head,  or  120  drachmas  (S16.50)  per 
year.  The  father  of  Demosthoiee  had  a  fortune  of  14  tal«its(SI6,000), 
which  was  essentially  penonal  property,  as  follows:  Two  shops,  one 
of  32  cutlers,  yielding  30  mines,  or  3,000  drachmas  (C420),  the  other 
of  bed  makers,  yielding  22  mines,  or  2,200  drachmas  (S30S);  quan- 
tities of  raw  materials,  such  as  ivory,  iron,  and  copper,  yielding  150 
mines,  or  15,000  drachmas;  a  house,  30  mines,  or  3,000  drachmas; 
some  fomiture,  100  mines,  or  8,000  drachmas;  a  trust  of  a  talent, 
yieldii^  700  dratdunas  (S97);  a  maritime  trust  of  7,000  drachmas; 
a  bank  depo«t  of  2,400  drachmas,  and  various  loans  yielding  6,000 
drachmas.  Besides  the  above  and  exclusive  of  some  houses  and 
some  important  unsettled  accoimts  Demosthenes  also  inherited  from 
his  father  15,366  francs  (S2,96S)  in  income.    This  was  at  IS  per  cent. 

One  is  a  little  surprised  at  such  amounts.  And  -whsit  surprises  more 
is  to  see  such  eminent  capitalists  with  the  same  versatility  as  those 
of  our  own  day  and  engaged  in  such  varied  affairs.  Some  fortunes 
were  composed  only  of  (Credits.  Whence  it  follows  that  commercial 
credit  was  extensive  and  that  there  were  banks  for  making  loans. 

Uaritime  commercial  enterprises  were,  in  fact,  undertaken  on  ad- 
vances of  funds  by  outfitters  and  silent  partners,  advances  which,  in 
proportion  to  the  risks  incurred,  gave  in  every  case  some  assurance 
of  very  great  profit.  The  city  of  Athens  made  loans  to  some  ex- 
peditions charged  to  search  ite  com  in  Egypt,  in  Sicily,  and  the 
Fontus,  and  skins,  wool,  and  salt  provisions  in  the  Fontus,  whither, 
on  the  other  hand,  Athens  exported  on  one  occasion  as  many  as 
3,000  amphorae  of  wine. 

We  find  also  that  the  citizens  in  these  profitable  operations  played 
only  a  secondary  rdle,  since  their  ideal  was  to  do  nothing  themselves. 
Their  number  at  once  diminished  and  in  a  manner  that  became 
important. 
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The  cities  thenmdves  had  never  been  very  populous.  Athena 
and  Syracuse  reached  and  no  doubt  exceeded  100,000  inhabitants; 
Corinth,  70,000;  Sidon  and  Tyre,  in  the  fourth  oentuiy,  40,000;  uid 
dty-states  numbering  20,000  citizenfi  wen  rare.  Athens  had  reached 
30,000  dtisena  at  tlie  middle  of  the  fifth  century.  In  309  B.  C,  less 
than  a  century  and  a  half  later,  there  v«re  not  more  than  21,000. 
Then  the  number  fell  to  scarcely  14,000  or  15,000,  or  only  one-half 
that  of  the  prosperous  p^idd  of  the  fifth  century. 

In  the  tcrritoty  of  Agrigentum,  in  Sicily,  Diodorus  states  that  in 
406  B.  C.  there  were  only  20,000  citizens  out  of  200,000  inhabitants. 
Pray,  in  view  of  this  weakness,  this  small  contingent  of  real  Greeks, 
the  (Hily  Intimate  descendants  of  the  Hellenes,  what  was  the  number 
of  slaTeal 

Aa  early  as  the  fifth  century,  according  to  the  most  moderate  esti- 
mates, the  sUvee  represented  two-fifths  of  the  peculation  of  all  Greece 
(1,000,000  against  1,000,000).  In  the  interior  r^ons,  howerer,  where 
tliere  were  do  manufactures,  where  commoxe  scarcely  reached,  and 
particularly  in  the  poor  agricultural  regions,  they  did  not  need  and 
they  could  not  purdtiase  many  slaves.  Omitting  these  somewhat  iso- 
lated places  without  influence,  the  numbw  of  slaves  in  Greece  much 
exceeded  the  free  men. 

At  Cort^ra,  where  there  were  30,000  free  men,  they  had  40,000 
slaves.  Accordii^  to- the  census  of  309  B.  C.  (Demetrius  of  Fha- 
loum),  fixing  the  number  of  citizens  of  Athens  at  21,000,  there  were 
then  about  400,000  slaves  in  Attica.  Aristotle  (384-322  B.  C.)  esti- 
mated that  a  little  before  that  time  there  were  470,000  slaves  in 
^gm&,  and  Timaeua  reckoned  460,000  in  Corinth.  Without  doubt 
in  these  exaggerated  figures  should  be  included  m^t&ques,  the  for- 
eigners already  mentioned  by  Solon  and  by  Pericles. 

Among  the  merchants  and  artisans  there  were  42  or  50  mfitdquee 
to  3  or  4  citizens.  Hiese  figures  indicate  in  eve^  respect  a  serious 
condituxL.  At  the  battle  of  Sybota,  Corinth  took  1,050  prisonera, 
among  whom  there  were  only  260  free  men,  almost  a  fourtii.  Here 
is  an  accurate  figure,  and  much  more  indicative,  that  the  profession 
of  arms  was  most  honoraUe  in  principle  and  was  reserved  for  free 
men  by  reason  of  its  very  object.  Other  estimates  have  been  made, 
but  thery  are  not  as  reliable  as  those  furnished  by  the  Greeks  thiem- 
selves.  Their  results  reveal,  as  well  during  the  fifth  century,  when 
dvilization  biased  at  its  height,  as  also  during  the  century  of  Aristotle 
(3S4-322}  and  of  Alexander  the  Great  (356-323),  a  strange  condition 
of  affairs  ^diich  would  explain  the  ^otism  of  the  patriotic  efforts  of 
Demosthenes  (3S5-322),  who  was  himself,  moreover,  a  very  rich 
partisan  of  slaves.  At  this  same  epoch  of  Alexander  the  Great  (the 
second  half  of  the  fourth  century)  the  number  of  citizens  in  Attica 
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represented  only  tvo-fiitha  of  its  inhabitants,  while  in  the  fifth  cen- 
tury, as  we  have  said,  they  were  more  than  three-fiftlu.  llie  citizeos 
were  already  overwhdmed  in  the  midst  of  a  mixed  population,  in 
great  majority  foreigQ-IxuTi.  If  any  great  efiort  for  liberty  had  been 
made,  it  woijd  have  been  of  a  weak  and  enfeebled  character  in  that 
indifferent  mass.  But  it  need  not  have  been  great,  for  the  citizens 
could  not  oppose  it  in  person,  weakened  aa  they  were  throu^  the 
love  of  idle  pleasures,  taught  to  do  almost  not&ii^  by  th«  masters  of 
their  coiraciences,  the  philosophers. 

The  decrees  of  the  emancipation  and  burial  inscriptions  give  a 
good  record  of  the  enormous  proportion  of  foreigneiB  among  ihe 
slaves.  Among  these  decrees  there  are  a  few  Greek  slaves,  only 
24  out  of  a  list  of  124.  These,  moreover,  were  Greeks  whom,  for  mwiy 
reasons,  the  masters  wished  to  make  free  the  fizst.     (Guiraud,  p.  104 .) 

On  that  list  of  124  manumissions  thne  were  22  Syrians,  21  Thra- 
cians,  8  Galatians,  6  Italians,  4  Armenians,  4  Sarmatians,  4  Qlyrians, 
3  Cappadocians,  2  Phrygians,  2  Lydians,  2  Myiaians,  2  PtmUans,  2 
Phenicians,  2  Jews,  2  Egyptians,  2  Arabs,  1  Pi^hlagonian,  1  Bithiy- 
ian,  1  Cyprian,  and  1  Bastamian.  Just  one  Bastamiaal  coming  from 
eastern  Carpathus.  It  is  difficult  to  imagine  a  mixture  more  varie- 
gated with  individuals  of  all  Provinces. 

Ethiopia,  like  Illyria  and  Italy,  furnished  slaves  to  Greece.    Among  ' 
these  there  were  many  Thracians,  Lydians,  Phrygrians,  Garians, 
Syrians,  some  Scythians,  Getn,  and  Colcbians. 

An  Attic  inscription  of  41S  B.  C.  gives  us  a  fair  ides  of  the  ntiinifnuin 
price  at  which  they  acquired  all  these  barbarians,  even  in  the  fifth 
century.  A  Cariau  was  sold  for  115  drachmas  ($15);  a  Syrian,  301 
drachmas  (S42);  three  Thradan  women  from  135  to  222  drachmas 
(S18.75  to  $31).  You  could  buy  a  slave,  under  age,  for  less  than  that, 
153  or  180  drachmas  (S21  to  (29).  A  slave  that  knew  a  trade  sold  at 
a  much  higher  price,  an  ordinary  currier  beii^  valued  at  10  mines  or 
from  $135  to  $155. 

All  these  peoples  of  such  diverse  origin  became  incorporated  into 
the  nation  through  emancipation.  The  masters  had  every  interest 
in  encouraging  the  slave  to  seek  his  freedom;  this  was  a  stimulant. 
The  employer  who  rented  a  slave  made  himself  a  participant  in  the 
earnings  to  his  own  great  profit.  AU  money  given  to  the  slave  pro- 
duced to  the  master  double  the  amount.  "When  by  labor  and  econ- 
omy the  slave  saved  a  sum  of  money,  the  master  would  regard  with 
double  contentment  the  formation  of  that  small  saving,  for  it  was  to 
him,  in  fact,  that  it  would  some  day  return.  After  having  already 
profited  on  his  own  account  from  a  regular  and  productive  employ- 
meDt,  he  would  shatter  to  "  his  profit  the  money  box  of  the  slave  in 
selling  hint  his  freedom."     (Francotte,  II,  p.  74.) 
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We  know  somewhat  concerning  redemption  prices.  Ont  of  227 
redemptions,  for  162  the  price  ranged  between  300  and  600  drachmas 
($41  to  $69);  5  reached  1,000  drachmas  ($139);  2  were  1,300;  1  was 
1,800;  2  were  2,000  drachmaa  ($278);  312  ransoms  for  women  cost 
from  300  to  500  drachmas.  These  prices  are  mnch  higher  than  the 
coat  of  original  purchase. 

This  pecuniary  profit  was  not  the  only  one,  for  the  master  also  im- 
posed life  service  in  return  for  freedom,  the  surrender  of  one  or  more 
of  his  children,  or  he  was  even  required  to  learn  a  trade  to  carry  on 
for  his  former  master's  account.  When  the  master  freed  a  man  to 
practice  a  profession,  the  former  had  the  advantage  in  not  being  liable 
for  the  engagements  of  his  freedom  who  might  himself  lose  in  Uie  ruin 
of  others,  without  detriment  to  the  interests  of  bis  former  master. 
When  the  savings  of  a  slave  were  not  great  enough,  the  master  could 
sell  him  under  the  condition  that  he  should  be  free,  but  would  serve 
his  new  master  during  his  life. 

This  was  not  always  bad  for  the  freedman  to  whom  liberty  was 
tixaa  guaranteed. '  Some  masters  would  give  up  their  slaves  to  a  god, 
in  ordo-  that  this  god  might  become  surety  for  the  exercise  of  his 
freedom. 

The  manumissions  gathered  at  Delphi  lead  to  the  belief  that  the 
■  women  (473  against  277  men)  benefited  much  of  tener  1^  the  generos- 
ity of  their  masters.  This  is  certain  evidence,  which  we  mi^t  pass 
by,  that  many  slaves  were  raised  to  the  rank  of  concubines  or  even 
wives.  Hie  slave  women,  especially,  were  only  things  in  the  hands 
of  their  masters. 

We  find  some  manumissions  of  sons  and  daughters  of  slaves,  chil- 
drtsa,  where  theor  masters,  in  freeing  them,  became  their  l^al  guardian. 
(Guiraud,  p.  108.)  They  show  cleariy  by  this  that  the  children  were 
related  to  them.  There  were  some  who  adopted  the  children  of  their 
slaves.  These  were  natural  children.  Regularly  then,  through  the 
ordinary  act  of  manumission,  and  irregularly,  also,  through  those 
rdatioos  which  were  not  acknowledged,  like  those  between  slaves  and 
Greek  women,  all  the  surrounding  barbarian  nations  mingled  their 
blood  with  the  blood  of  the  Grecian  people.  There  were  some  cases 
where  slaves  attained  to  t^e  rank  of  citizens.  A  slave  informer  might 
become  a  citizen.  And  some  cities,  after  certain  depredations,  were 
restocked  with  men  and  reestablished  their  finances  by  conferring 
citizenship  on  all  the  slaves  on  agreement  to  pay  a  certain  sum.  And 
this  point  of  view,  especially  the  regular  incorporation  of  foreigners 
in  the  nation,  is  a  condition  of  the  slaves  that  I  can  not  pass  by, 
though  it  is  scarcely  proper  to  speak  of  it,  except  with  discretion. 

The  Greeks  bought  slaves  for  domestic  service  (tiie  richest  had  for 
their  lener  needs,  up  to  50),  for  work  in  the  mines,  in  building  operap 
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tioiifl,  and  in  workshops,  where  they  practiced  all  trades,  to  hire  oat 
for  land  owners,  farmers,  and  contractors,  and  they  also  purchased 
them  in  order  to  deliver  them  into  prostitation.  It  is  known  that  ihe 
State  itself  estahlished  houses  of  ill  fame  partly  to  check  certain  rices. 
Solon  had  charge  of  these  institutions  and  they  were  administered 
at  the  expense  of  the  State.  All  the  women  in  these  houses  were 
alien-purchased  slaves.  The  Grecian  woman  who  through  repeated 
downfalls  entered  those  places  thereby  renounced  every  social  and 
family  tie.  All  these  women  were  in  fact  given  up  to  public  serv- 
ice. They  could  not  leave  the  district  without  permission  of  the 
archons  and  by  giving  guarantees  for  their  return.  Their  houses 
increased  to  such  a  degree  in  the  streets  of  Piree  that,  so  to  speak, 
they  were  at  every  step.  The  patrons  paid  only  a  very  moderate 
uniform  price,  at  the  lowest,  1  obole.  Debtors  were  there  sheltered 
from  their  creditors,  and  a  father  had  no  right  to  go  there  to  surprise 
his  son.  People  of  all  classes  visited  these  houses.  They  furnished 
to  the  State  a  considerate  revenue  for  the  protection  afforded  them. 
This  was  known  to  speculators,  who  profited  thereby. 

One  of  iheae  public  women  of  the  lowest  rank  was  the  mistress  of 
the  King  of  Egypt,  Ptolomy  Philadelphus.  Although  they  might  be 
cantoned  in  dwellings  classed  as  public  establishments,  and  though 
it  was  forbidden  them  to  pass  a  single  night  in  the  city  proper,  yet 
tiiey  were  in  contact  with  everyone  and  had  a  chance  each  day  of 
making  a  profitable  friendship.  The  class  of  independent  prosti- 
tutes, above  them,  was  fed  from  their  ranks,  for  it  was  made  up 
chiefiy  of  those  who  had  been  emancipated.  There  were  some 
Greeks  among  them;  but  those  who  frequented  the  streets  of  Piree 
were  nearly  all  aliens.  Evidently  the  greater  number  of  these  women 
remained  at  that  level  and  practiced  their  calling  to  the  end  in  these 
particularly  d^;rading  conditions.  It  is,  however,  certain  that  the 
prettier  ones  and  those  most  favored  were  raised  in  time  to  the  demi- 
monde and  that  the  courtesans  were  former  independent  prostitutes 
who  had  become  the  fashion. 

The  temple  of  Corinth  drew  a  lai^  revenue  from  these  courtesans, 
priestesses  of  Venus,  who  were  established  there,  and  these  were 
everywhere  very  highly  favored  and  mingled  with  all  classes. 

The  courtesans  counted  in  their  ranks  some  very  intelligent  women, 
some  of  whom  were  celebrated  and  are  so  still,  for  they  had  been  lis- 
tening counselors,  infiuencers  of  powerful  statesmen.  One  historian, 
Aristophanes  of  Bjrzfmce,  estimated  that  there  were  13S  of  these  cour- 
tesans whose  sayings  and  achievements  are  worthy  of  posterity. 

While  Grecian  wires  stayed  at  home,  absorbed  in  their  hous^iold 
and  motherly  duties,  some  of  these  public  courtesans  participated  in 
outside  affairs,  taking  part  even  in  rehgioua  ceremonies,  were  versed 
in  literature  and  philosophy,  and  were  not  strangers  to  affairs  of 
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State.  There  were  some,  it  has  beMi  said,  who,  skilled  in  the  art  of 
pleasing,  held  the  saloa  of  the  Qreeks. 

The  greatest  ststeaman  of  Athens,  Fericles  (died  in  429),  who 
belongs  to  the  fifth  century,  left  his  legal  wife  for  one  of  these  famons 
women,  Aspasia;  and  this  woman,  with  whom  Socrates  associated, 
to  the  knowledge  and  in  si^t  of  all  Oreeoe,  had  an  influence  so  great 
in  the  affairs  of  State  and  was  so  highly  educated  that  to  her  was 
attributed  the  composition  of  many  of  the  orations  of  Pericles,  ^e 
was  a  Mileeian  woman,  of  which  aocimt  country  she  had  been  a 
princess.  She  bore  a  son  to  Pericles.  Tliis  son,  of  the  same  name 
as  himself,  received  the  rights  of  a  legitimate  child  on  the  demand 
of  his  father,  and,  notwithstanding  the  prescriptions  of  the  law, 
became  a  recognized  citizen  of  Athens.  Such  examples  in  such 
high  places  and  so  well  known  everywhere  assuredly  found  many 
imitators. 

In  correlation  with  these  economic  conditions  and  these  customs, 
the  morale  of  the  family  was  lowered'  and  its  number  decreased. 
Voluntary  restriction  and  lack  of  enthusiasm  prevailed.  The  Greeks, 
eoriched  by  slave  labor,  purchasing  men  and  women  abroad,  re- 
nounced the  raising  of  children. 

In  these  events,  so  old,  and  the  circiunstances  which  accompanied 
and  followed  them,  one  could  readily  find  a  standard  for  close  com- 
parison witkh  social  phoiomena  of  our  day.  Useful  to  know,  these 
facts  are  always  beneficial  to  recall. 
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ORIGIN  AND  EVOLUTION  OP  THE  BLOND  EUEOPEANS. 


By  Di.  Adolphx  Bloch. 


In  continuation  of  my  reaearcbea  on  the  filiation  of  the  humaii  racee, 
there  is  here  presented  a  discussion  of  tha  origin  and  evolution  of  the 
■  blond  Europeans,  which  include  (1)  the  first  Uond  races,  known  in 
history  as  Celto-GaUic-OeJatianB,  Cimbrians,  Genuans,  etc;  (2)  ihe 
blond  Finns  and  blond  Lapps;  (3)  IJie  blonds  sporadically  met  with 
in  all  parts  of  Europe. 

THE  ARYAN  HYPOTHESIS. 

As  the  first  blonds  are  regarded  by  certain  authors  as  the  genuine 
Aryans,  we  have  to  consider  the  or^in  of  the  Aiyans,  although  the 
teim  is  of  little  importance  in  designating  these  blonds,  for  what  we 
wish  to  know  most  is  what  tie  binds  the  different  races  among  them- 
selves, and  what  i^  the  physiologic  process  through  which  they  are 
derived  one  from  the  other. 

The  Aryan  hypothesis,  according  to  which  the  first  ancestors  of  the 
Indo-Aryaus,  Persians,  Greeks,  Komans,  Cdts,  etc.,  came  from  one 
and  the  same  point  in  central  Asia,  now  has  no  adherents,  but  in 
accord  with  the  works  of  Fceeche  (1878),  Penka  (1893),  Schrader 
(1883),  Wilser  (1809),  Eosauma  (1902),  and  Michdis  (1903)  the  theory 
of  European  origin  has  been  generally  adopted.  We  recall  that  as 
early  as  1839  and  succeeding  years  the  Belgian  geol<^;bt  and  anthro- 
poli^st,  d'Omalius  d'Halloy,  opposed  the  Asiatic  theoiy  of  the  Euro- 
pean  blonds  (Notes  k  I'Acad^mie  de  Bolgique)  and  that  it  was  the 
subject  of  two  conununications  to  our  society  in  1S64  and  1865. 
Likewise  the  English  philologist,  Latham,  was  opposed  to  the  Asiatic 
origin  of  the  blonds,  for  he  placed  their  cradle  in  what  is  now  a  sub- 
mei^ed  plain  in  Scandinavia  (Elements  de  phUoIogie  compart, 
London,  1861). 

As  one  of  the  early  advocates  of  European  origin  there  must  also 
he  mentioned  the  German  Cuno,  who  maintained  that  the  primitive 
Aryans,  instead  of  being  a  small  clan,  constituted  a  numerous  people 

■  Tranalstcd,  bf  parmlBBkiu,  from  Orliliu  et  ETohiUon  des  Bkods  Europteu.  FarlCle  Dr.  AdDlpha 
Blocb.  BuUetlni  at  Udmotn*  d«  U  SocldU  d'Anttanpolagla  da  Ttiia.  tth  nr.,  toL  3,  Noe.  1  audi. 
Fkrla,igil,pp.lU-n. 
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Spread  over  a,  vast  territoiy,  the  great  plain  of  nortiieni  Europe, 
extending  over  northern  Gcomany  and  the  north  of  France,  hetween 
the  Ural  Mountams  and  the  Atlantic  Ocean.* 

Finally,  we  must  not  forget  here  to  recall  the  name  of  Madame  CI. 
'Royw,  who  likewise  aaserted,  in  1872,  that  the  blond  Europeans  did 
not  come  from  Asia.  (Congrfe  d'Anthropologie  et,  d'Archfiolc^ie 
|H'6historique  de  Bruxellee,  1872,  and  various  communications  to  the 
Soci^ti  d'Anthropologie.) 

Most  of  the  writers  since  Cuno  have  assigned  a  very  limited  terri- 
toiyfor  the  origin  of  the  Aiyans.  Thus  PfBsche,  who  relies  ezclusiTely 
on  the  influence  of  environment  to  account  for  the  light  color  of  the 
first  Mond  Europeans,  places  their  cradle  "in  the  heart  of  European 
Russia,  in  the  marshy  districts  of  Kokitno,  washed  by  the  Pripet,  the 
Berezina,  and  the  Dnieper  Rivers,  where  nature  is  tint«d  with 
albinism,  where  l^e  people  are  hlond,  where  the  animals  are  robed  in 
white,  where  tiie  leaves  and  the  bark  of  the  trees  are  faded,  where 
reigns  that  terrible  disease  of  the  hair,  Polish  plica."  ' 

But  although  climatic  conditions  may  miodify  the  organism,  yet  it 
can  not  be  admitted  that  the  blonds  are  a  species  of  albinos,  with 
whom  Pcesche  seems  to  compare  them;  on  the  contrary,  albinism  is  an 
anomaly  which  is  not  at  all  due  to  the  influence  of  the  climate. 

Schrader  assumes  sou^  Russia  as  the  cradle  of  the  Aryans;  Fenka 
and  'Wllser  say  it  was  Scandinavia;  Kossinna  claims  l^t  it  is  t'he 
western  inclosore  of  the  Baltic,  Scandinavia  in  the  south,  Denmark 
and  Germany  in  the  northeast,  as  far  as  megatiths  or  ceramics  are 
found;  while  for  Michelis  it  is  a  region  inclosed  between  the  Danube 
on  the  southwest,  the  Carpathian  Mountains  on  the  north,  and  the 
Dnieper  on  ibe  east.  But  all  these  territories  thus  outlined,  aside 
from  those  of  Cuno  and  Kossinna,  are  much  too  small.  For  it  must 
have  required  im  immense  territory  to  bring  forth  the  numerous 
blond  peoples  which  followed  one  upon  the  other  in  Europe,  in  pre- 
historic as  well  as  in  historic  times.  On  the  other  hand,  none  of 
these  investigators  indicate  the  stem  from  which  the  blond  Euro- 
peans sprung,  and  it  is  just  that  subject  which  we  propose  here  to 
investigate  on  the  exclusive  basis  of  anthropology. 

THE  BLONDS  IN  HISTORY. 

The  first  blonds  of  history  are  the  Celts;  and  the  first  historian  to 
use  the  name  KsXroc  (Keltos)  was  Herodotus,  about  440  B.  C; 
though  the  word  Celtic,  KeXreici)  (Eeltike),  for  designating  the 
country,  was  already  employed  by  Hecateus  (of  Milet),  about  SOO 
B.C. 

■  Cirno,  Forechungeii  tm  Qcbletedcr  Allan  Vtnkerkunda.    Berlin,  1871. 

>  PtBache.  DIa  Aiiar,  eb  Bcitnig  cut  hbtoiiaclien  Antlinpologla,  Jma,  IBTS.  Tbs  theory  of  tbto  sutbor 
bu  been  tlcwd;  dlHunsd  In  IBM  by  UQalvy  In  >  sommunlcatkm  ta  the  BOoiaeT,  entitled  "Lm  opfnbna 
Be  mrle  biirn«u  im  Arytaa." 
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Herodotus  does  not  meDtton  the  physical  appearance  o(  the  Celts, 
but  he  describes  a  people,  in  the  north  of  the  Black  Sea  and  beyond 
it  in  Scythia,  who  painted  tbemselves  red  and  green,  which  he  caUs 
Budini  and  which  he  diatinguishea  from  the  Scythian  laborers  and 
otheis.  "They  were,"  he  says,  "a  la^  and  numerous  people." 
(IV,  21  and  108.)  This  proves  that  there  then  existed  in  Russia  a 
real^  jed  or  blood  race,  ^ut  who  were  these  reds  t  It  could  not 
have  been  the  Celts,  for  they  dwelt  farther  west;  nor  were  they  the 
Finns;  but  they  were  an  autochthonous  Qndigoious)  race  of  Russia 
as  we  know  from  the  skulls  found  in  the  same  r^on. 

The  name  Celt  is  also  employed  by  Aristotle  (384-322  B.  C), 
who  knew  that  there  were  Celts  in  Spain,  that  Celts  had  captured 
Rome,  etc.,  but  he  also  makes  the  important  statement  that  the  ass 
did  not  exist  in  Scythia  nor  in  the  Celtic  land  because  that  aoimal 
could  not  well  withstand  the  cold.     (Hist.  Anim.,  Book  Vlll,  Chapter 

xxmiT). 

There  is  no  doubt  that  the  question  here  concerns  the  primitiTe 
Celtic  country,  which  adjoined  Scythia,  at  the  period  when  the  Celts, 
poesessors  of  amber,  were  a  river-shore  people  of  the  Baltic. 

Moreover,  all  tiia  peoples  of  the  north,  says  Strabo  (VI,  2),  were  in- 
chided  by  the  ancient  Greek  hutorians  under  the  name  of  Celts  or 
Celto-Scythians.  But  the  oldest  name  which  the  Greeks  gave  the 
Celts  was  tihat  of  Hyperboreans.  It  is  thus  seen  that  by  the  name 
Celts  were  meant  people  of  the  north,  and  consequently  they  could 
not  have  been  an  aboriginal  race  of  Gaul,  as  even  some  modem  writers 
still  assume. 

But  where  did  the  Hyperboreans  livef  "I  have  no  hesitation," 
says  Prof.  Jullian, "  in  recognizii^in  the  Hyperboreans  of  Herodotus 
(IV,  33)  the  Esths,  the  Aeeti  of  Samland  (Gulf  of  Danzig),  the  country 
of  amber  CTacitus,  Qennania,  45),  and  in  these  last  the  remnants  of  a 
pre-Germanic  agricultural  and  trading  people." ' 

Let  UB  add,  moreover,  that  though  the  nortli  of  Europe  was  inac- 
cessible to  the  ancients  because  of  the  immense  expanse  of  the 
Rhipaian  and  Hercynian  Mountains,'  it  was  nevertheless  explored 
by  sea  in  the  fourth  century  B.  C,  by  Pytheas  who  skirted  Europe 
from  Oades  to  the  mouth  of  the  Elbe  and  perhaps  even  as  far  as  the 
Tanais  (Don).  It  was  there  that  he  fixed  the  division  of  the  Celtic 
land  from  Scythia. 

The  Celts  were  called  Galatians  by  the  Greeks,  whereas  the  Romans 
named  them  Gauls  (Galli)  upon  their  arrival  in  the  valley  of  the  Po 
in  the  sixth  century  B.  C 

The  three  names,  Celts,  Galatians,  and  Gauls,  are,  then,  synony- 
moua,  pertaining  to  one  and  the  same  race,  whose  characteristics, 
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repeated  iimumerable  times  by  Greek  and  Latin  authori,  are  Kig^ 
stature,  white  Bkin,  blue  eyes,  and  red  or  blond  hair  (the  diSereace 
between  the  red  or  blond  color  of  the  hair  is  of  sUght  importuice). 
So  also  Cieear,  comparing  the  stature  of  the  Gauls  with  that  of  the 
Rtnnans,  says  that  the  fonuer  were  lai^r,  the  latter  small.* 

Subsequently,  history  mentions  other  blond  or  russet  races  such  as 
the  Cimbrians,  the  Teutons,  Germans,  Goths,  Franks,  Buif^dians, 
Normans,  but  they  all  were  of  the  same  stock  as  the  Celts  and  came 
from  the  same  regions. 

But  it  is  not  only  the  Ch«ek  and  Latin  authors  who  mention  peoples 
with  red  or  blond  hair  in  Europe,  for  Byzantine  historians,  and 
writers  at  the  beginning  of  the  Middle  Ages,  and  even  Arabian  autiiots 
likewise  speak  of  tiiem.  The  latter  especially,  as  also  Byzantine 
writers,  have  described  the  external  characteristics  of  the  primitive 
Russians,  whose  name  means  Ted,  as  we  have  shown  in  a  communica- 
tion to  the  Congress  of  Prehistoric  Anthropology  and  Archeology  at 
Monaco  in  1906. 

THE  PLACE  OP  OBIGIN  OP  THB  BLOND  BUBOPEANS. 

Where  was  the  exact  primitive  domain  of  the  Celts  1  According 
to  a  tradition  current  among  the  Gauls,  and  of  which  the  Druids 
speak,  part  of  that  people  came  from  distant  lands  and  islands  whence 
tli«y  had  been  driven  by  wars  and  an  inundation  of  the  ocean. 

The  first  habitation  of  the  Celte,  and  consequently  of  all  the  blonds, 
may  be  placed  in  north  and  central  Germany,  in  Holland,  in  upper 
and  lower  Austria,  in  Bohemia,  in  Scandinavia,  in  the  Danish  islands 
and  peninsulas,  and  in  central  Russia,  as  will  be  shown  by  an  exami- 
nation of  prehistoric  skulls. 

What  was  the  climate  of  all  these  centers  t  This  is  an  important 
question  from  the  viewpoint  of  influence  of  environment.  We  know 
&om  Aristotle  that  the  countries  of  the  Celts  and  Scythians  were  cold, 
but  Tacitus  (first  to  second  century  A.  D.)  gives  still  further  details 
of  the  Celtic  land  in  hia  description  of  the  sea,  the  land,  and  the 
climate  of  the  country  of  the  Germans,  who  inhabited  the  same 
localities  as  their  ancestors,  the  Celt.    He  says: 

On  gie  other  aide  is  the  eudlen  ocean  which,  aa  it  wera,  bnbids  all  navigatioQ. 
Even  BOW  it  is  luely  visited  by  veaaels  from  our  parta.  What  mortal,  even  if  he 
braved  the  pertla  ot  a  wild,  imknown  eea,  would  leave  Asia,  or  Africa,  or  Italy  to  go 
to  Germany  which  offeia  only  a  dreary  country,  a  rigorous  climate,  where  every  aspect 
of  living  is  savage,  unless  it  be  one's  fatherland.  *  ■  •  The  country,  though  fre- 
quently varying  In  aspect,  a  in  general  covered  with  gloomy  foreati  or  awampa. 
Winter  is  long  with  them  [the  Germans]. 

Tacitus  further  says: 

I  believe  that  the  Germans  are  indigenoua  and  have  not  mingWd  with  naw  arrivals 
ot  imioigianta  from  other  peoples.    •    •    •    i  join  in  the  opinioa  of  tboee  iriio  think 
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fhat  the  peoples  ol  Oennany  have  not  at  all  been  altered  fay  mtermamage  with  other 
peoples,  and  that  this  nation  ia  intact,  pure,  like  itself  alone.  Hence  the  reeemblance 
of  individuals  one  to  another,  although  great  in  number.  All  have  fierce  blue  eyee, 
reddiah  hair,  laige  stature,  fit  for  the  first  onrush,  but  not  for  continuous  labor  and 
toil;  least  of  all  can  they  stand  heat  and  thint,  but  under  the  influence  of  their  climate 
and  soil  they  have  learned  well  hov  to  bear  cold  aod  hunger.' 

Julius  Ctesar  likewise  relatea  that  the  country  of  the  (Germans) 
Sueves  was  very  cold,  but  that  notwithstandiog  that  they  were 
accustomed  to  clothe  themselves  with  only  a  short  skin  which  left 
part  of  die  body  bare.* 

It  is  also  to  be  added  that  tidal  waves  often  ravaged  the  land  of 
the  Celts.  Thus  Ephorua  (363-300  B.  C.)  relates  that  the  Celts,  in 
lirder  to  inure  themselves  to  fearlessness,  regarded  tranquilly  the 
destruction  of  their  habitations  by  the  sea,  contentedly  rebuilding 
them  agam,  and  tJiat  inundations  have  always  claimed  more  victims 
among  them  than  war  (IV,  44) . 

The  Cimbrians,  another  blond  people,  were,  according  to  Florus, 
driven  out  from  their  country  by  an  overflow  of  the  Baltic*  about 
114  B,  C,  But  Strabo,  who  thought  only  of  the  regular  ebb  and  flow 
of  the  ocean,  does  not  believe  ia  such  floods,  expressly  rejecting  them. 
Their  recurrence,  however,  has  been  witnessed  in  the  Middle  Ages 
and  in  modem  times-  Thus  the  inundation  of  1277,  which  gave 
birth  to  Dollart  at  the  mouth  of  the  Ems,  is  said  to  have  destroyed 
43  parishes  and  to  have  cost  80,000  lives  in  Friealand;  so  again,  the 
great  "Mandrankel"  (drowning)  of  September  8,  1362,  annihilated  30 
parishes  and  carried  away  large  portions  of  the  islands  of  Sylt  and 
F6hr  (Schleflwig),  The  great  inundation  of  (Christmas,  1717,  sub- 
mei^d,  according  to  the  testimony  of  Arends  and  d^BilkCT,  I0,S2S 
persons  and  90,000  head  of  cattle.* 

ORIGIN  OF  THE  RACE. 

All  the  blond  Europeans  were,  then,  natives  of  Europe  itself,  and 
did  not  come  from  Central  Asia.  There  were,  to  be  sure,  both  before 
and  after  the  beginning  of  the  Christian  era,  some  blond  groups  in 
Asia  and  in  what  is  called  Ou  Sun,  Ting  Ling,  Kiankuen,  but  that 
was  in  the  north  of  (!3iina,  according  to  Chinese  annals.'  Besides, 
these  blonds  spoke  Turkish  and  they  disappeared  by  being  absorbed 
in  the  mass  of  the  yellow  Asiatics. 

As  predecessors  and  ancestors  of  the  blond  stock  in  Europe  there  is 
therefore  none  other  to  be  considered  than  the  Quaternary  race  of 
Neanderthal.    It  is  true  that  the  anthropological  characteristics  of 
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this  Quatemaiy  race  differs  from  the  Keotitliic  race  which  Bucceeded 
it,  but  the  Neolithic  dolichocephals  of  the  north  of  Europe  frequently 
present  atavistic  characteristics  which  recall  their  neanderihaloid 
origin,  as  will  be  aeen  below. 

It  has  been  observed  that  certain  animala  underwent  modifications 
during  the  Quatemaiy  epoch  through  the  influence  of  temperature, 
showing  themselTes  now  as  cold  and  then  as  warm  fauna.  Why 
should  not  particular  modifications  of  the  oiganism  have  taken  place 
in  the  human  species  also  under  the  influence  of  climate  t  Why 
^ould  not  one  blond  variety  have  become  so  by  the  cold,  and  uiother 
brown  have  become  such  by  a  more  clement  temperature  I  What, 
then,  was  the  physiological  process  in  virtue  of  which  the  primitive 
blond  races  acquired  their  characteristics  t 

I  think  that  under  the  influence  of  the  cold  climate  of  the  epoch  the 
production  of  cutaneous  and  capillary  pigment  in  the  human  oigan* 
ism  was  so  weak  that  the  skin  bleached,  and  the  hair  and  beard  became 
lighter  so  as  to  assume  the  coloring  of  red  or  blond,  for  the  different 
colorings  of  the  capillary  system  depend  on  the  greater  or  lees  quan- 
tity of  pigment  resident  therein.  Hence  itfosults  that  the  iris  aJso  ia 
less  pigmented  and  consequently  of  a  bright  color. 

But  when  an  anthropological  characteristic  becomes  modified,  other 
characteristics  vary  simultaneously  by  virtue  of  the  phenomenon  of 
correlative  variation.  Thus  the  skeleton  underwent  certain  modifi- 
cations BS  regards  its  height  and  other  dimensions;  but  besides  t^ 
influence  of  Uie  climate  upon  the  oi^anism,  account  should  also  be 
taken  of  the  manner  of  life  of  the  Germans  (and  doubtless  also  of  their 
ancestors),  and  the  care  they  took  to  stimulate  growth  in  the  entire 
race. 

Thus  their  whole  life  was  passed  in  the  chase  and  the  exercises  of 
war.  They  hardened  themsdves  from  infancy  by  work  and  fatigue. 
It  was  a  kind  of  sport  very  conducive  to  bodily  development. 

They  lived  chiefly  on  milk,  cheese,  and  meat,  for  they  devoted 
themselves  but  little  to  agriculture,"  and,  in  fact,  of  vegetation  they 
had  only  wild  fruit  to  consume. 

Each  mother  nursed  her  child  heiself,  never  intrusting  it  to  a 
servant  or  nuise,  and  it  was  allowed  to  grow  up  entirely  naked.  The 
Germans  paid  much  attention  to  the  period  of  puberty  of  the  youi^ 
people,  and  JiJius  Ctesar  said  that  it  was  considered  a  di^;race  with 
them  to  have  known  a  woman  before  the  ^e  of  20.  They  favored  a 
retarded  puberty  in  the  conviction  that  this  was  conducive  to  a  robust 
body  and  strong  nerves.  Tacitus  adds  that  they  were  no  more  hasty 
in  marrying  off  their  daughters,  so  that  the  wives,  bong  tiie  men's 
equal  in  size,  health,  and  vigor,  transmitted  their  strength  to  their 
offspring.  Finally,  the  Oermans  frequratly  took  warm  baths  in 
winter  and  cold  ones  in  summei^  in  the  rivers.    It  seems  that  they 
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]ihiiiged  their  neT-bom  infaote  into  cold  water,  a  custom  that  wrung 
an  outcry  from  Galen,  the  celebrated  Greek  physician  of  that  time. 
Here  is  what  he  aaya  on  the  Bubjeet: 

Wbich  of  oe  couM  atatid  tb«  sight  of  a  email  infant,  ecazcely  bom,  still  all  warm, 
carried  to  the  river  and  plunged  into  the  water  as  a  piece  of  hot  iron,  and  thia,  ae  ths 
Germane  ny,  in  tadtr  to  put  its  nature  to  the  teat  and  at  the  same  time  to  8treng;then 
ite  body?  *  *  *  For  wheQier  it  Btande  the  test  without  becoming  eicic,  whether  it 
ahowH  that  it  can  keep  its  inborn  s&ength  and  acquire  additional  vigor  from  this  con- 
tact with  cold  water,  is  Bomething  which  everyone  can  know;  but  whether,  on  the 
contrary,  if  its  natural  warmth  is  overcome  by  the  external  cold,  it  must  neceseuily 
die,  is  someOiing  which  no  one  knows.  What  man  in  his  senses  and  who  is  not  a  veri- 
teble  savage,  a  Scytliiui,  would  want  to  submit  his  infant  to  such  a  test,  where  failure 
means  death,  and  this  without  deriving  any  great  advantage  from  the  teat?  ' 

Amde  from  the  last-mentioned  practice,  which  the  Germans  ctm- 
aidered  as  probably  efficadous,  it  can  be  aeen  from  the  preceding  that 
they  attached  great  importance  to  the  physical  culture  of  infancy  and 
youth;  but  aside  from  thwr  tall  stature  the  Gennans  and  tiieir  prede- 
cesBors  were  abo  corpulent,  for  Galen  writes  on  this  subject: 

It  is  sud  that  in  cold  countries  nun  becomes  stout,  aod  as  examples  are  quoted  the 
Celts,  the  Thiacians,  the  BytUnians,  the  peoples  of  the  Poatus  and  the  Galatians. 
All  these  peoples  inhabit  a  cold  country,  and  are  generally  atout,' 

Q.  quot«  this  remark  of  Galen  without  insisting  on  it.) 
It  may  be  objected,  as  regards  the  color,  that  the  Finns  and  Lapps 
rerade  in  still  more  northern  regions  and  yet  remain  brown.  But  to 
this  it  may  be  answered  that  there  are  blond  or  red  Finns,  and  it  can 
not  be  said  that  mixture  is  the  cause  of  their  light  color.  There  are 
even  entire  tribes  of  Finns  which  consist  of  blonds  only.  Thus  the 
MoidevB  of  European  Kussia  are  divided  into  two  separate  tribes,  of 
which  one,  the  Eises,  includes  only  individusls  with  blond  hair,  gray 
eyes,  and  light  color.  The  other  tribe,  the  Mokshes,  on  the  contrary, 
consists  of  two  varieties  of  individuals,  of  which  those  that  are  brown 
with  dark  eyes  and  tawny  skin  axe  equal  if  not  superior  to  those  who 
are  blond.* 

Among  the  Finns  of  Asia  there  are  blonds  or  reds  in  a  large  or  small 
number,  according  to  the  locality.  I  should  state  here,  anent  the  red 
or  blond  Finns,  that  I  make  no  distinction  from  the  point  of  view  of 
anthropology  between  blond  people  and  people  with  red  hair.  In 
fact,  the  blond  races  begin  by  having  the  hair  red  before  it  becomes 
blond,  just  as  they  may  have  eyes  that  are  green  before  they  are 
blue  or  gray;  but  before  this  transformation  is  completed  in  the 
entire  race  there  may  yet  be  individuals  with  red  hair  and  green  eyes 
in  the  midat  of  oth«^  who  are  more  advanced  in  this  evolution  and 
who  have  blond  hair  with  blue  or  gray  eyes.    This  is  a  phenomenon 
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vHach  can  be  sfiU  observed  among  the  Finna,  yibo  are  generally  rather 
red  than  blond. 

The  Oermans  described  by  ancient  authors  had  red  hair,  while  the 
hair  of  the  Gauls  was  rather  blond,  and  notwithstanding  this  the 
latter,  as  is  well  known,  tinged  their  hair  with  a  lotion  of  lime- 
Since,  then,  there  existed  in  Europe  both  red  and  blond  Finns,  it 
may  be  concluded  that  the  blonds  of  history,  the  Celto-Gauls,  the 
Cimbrians,  the  Germans,  etc.,  were  the  descendants  of  these  European 
Finns,  the  more  so  because  certain  philologists  maintain  that  the 
Aryan  languages  are  offshoots  of  a  branch  of  the  Finno-Ugrian 
languages.  Thus  Koeppe,  as  the  result  of  a  comparative  study  cf 
these  different  languages,  came  to  the  conclusion  that  there  was  an 
original  relationship  between  the  Aryans  and  the  Finns,  and  even  ap- 
plied to  that  original  stock  the  name  of  Ario-Finen.  He  thinks  that 
these  two  races  lived  together  in  the  north  of  Europe  during  a  very 
long  period,  and  that  they  even  emigrated  together  at  a  very  distant 
time.' 

But  as  our  views  are  baaed  exclusively  on  anthropology,  we  must 
turn  our  attention  to  the  skeletons  which  have  been  found  in  the 
regions  occupied  by  the  old  blond  European  races,  and  which  we  will 
study  in  order  to  leam  whether  these  skeletons,  and  particularly  the 
skulls,  may  not  give  us  better  information  on  the  origin  of  the  primi- 
tive blonds. 

THE  SKULLS  OF  THE  PREHISTORIC  BLONDS. 

When  Tacitus  said  that  the  Germans  were  indigenous  (autochthons) 
he  was  not  wrong,  for  the  skulls  of  the  neolithic  period  which  have 
been  found  in  nortbem  and  central  Germany  are,  in  great  part, 
dolichocephalic  and  present,  moreover,  a  correspondence  to  those  of 
the  reihengr&ber  (tombs  in  rows)  of  southern  Germany,  which 
are  considered  as  having  belonged  to  the  blond  Germans. 

But  it  is  not  only  in  Germany  that  these  neolithic  dolichocephalic 
skulls  with  Germanic  type  have  been  found,  but  also  in  Holland, 
Denmark,  Sweden,  Norway,  in  upper  and  lower  Austria,  and  as 
far  aa  the  kurgans  (tumuli)  of  central  Eussia.  We  shall  therefore 
survey  all  these  regions  in  order  to  recover  there  our  neolithic 
dolichocephals,  and  at  the  same  time  to  ascertain  the  evolution 
which  they  have  undergone  in  the  transition  to  the  brachycephalic 
ty3)e.  By  this  it  will  be  aeen  how  necessary  is  the  measuring  of  skulls 
and  of  the  skeleton,  in  general,  in  an  investigation  of  the  origin  of  the 
hiunan  races. 

But  how  is  the  cranial  type  of  the  blond  Germans  constituted? 
It  ia  well  known  that  there  were  brown  dolichocephals  in  middle 
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Europe,  and  it  is  therefore  neceesaiy  to  distinguish  between  the  two 
types. 

Here  ore  the  principal  characteristics  of  the  Qermanic  skull,  accord- 
ing to  Von  HSlder: 

Seen  from  Bbove,  tbe  skoll  piesenta  an  elongated  shnpe,  blimled,  hexagonal,  some- 
times  oval.  The  coroDal  suture  ia  elliptic  and  extends  tewaid  the  back.  The 
■"WX'""""  width  of  the  vault  ij  more  noticeable  forward  than  with  brachycephals. 
The  occiput  has  a  pyramidal  form,  Htraight  (or  narrow),  blunted.  Seen  from  behind, 
the  upper  curve  has  the  appearance  of  a  roof;  the  sides  are  but  slightly  swelled  out  and 
tall  nearly  straight;  the  base  has  nearly  the  same  width  as  the  distance  between  the 
lateral  walls.  The  height  of  the  skull  exceeds  or  equals  its  breadth.  Been  from  the 
profile,  the  head  is  moderately  prognathic,  often  orthognathic.  The  lace  presents  a 
h^  and  narrow  (or  straight)  front  and  vinge;  the  superciliary  vaults  are  much 
developed,  especially  in  men,  the  eye  sockets  (orbits)  are  of  medium  sixe,  with  nearly 
homontal  upper  rims.  The  noee  is  stiaight,  with  a  moderately  curved  ridge.  The 
formation  of  the  avolaries  ia  straight  and  high.  The  cranial  capacity  is  considerably 
larger  than  that  d  the  brachycephals  by  reason  of  the  much  larger  diameter  of  both 
width  and  height.' 

But  be^des  the  cranial  characteristics,  certain  peculiarities  of 
other  parts  of  the  skeleton  should  also  not  be  neglected.  Thus  there 
are  often  noticed  platycnemic  tibiae  in  the  neolithic  dolichocephalB 
of  Germany;  then  the  tall  stature  which  was  already  noticed  by  the 
ancient  writers  in  the  blonds  of  their  times. 

It  is  needless  to  add  that  the  German  dolichocephals  do  not  always 
show  a  full  ensemble  of  the  characteristics  just  enumerated ;  thus  there 
is  sometimes  what  is  called  a  disharmony  between  the  cranial  vault 
and  the  face  in  so  far  as  the  skull  is  dolichocephalic  while  the  face  is 
short  and  round,  for  there  are  sometimes  transitorial  characteristics 
from  the  dolichocephalic  type  to  the  brachycephaJio  type.  There 
are  even  met  with  in  the  excavations  complete  brachycephals  scat- 
tered among  the  dolichocephals,  but  they  are  nothing  less  than  the 
result  of  the  transformation  of  the  latter  under  the  influence  of 
evolution,  ao  that  the  problem  of  these  brachycephals  is  thus  in  our 
opinion  solved.  They  are  all  German  skulls,  but  such  as  have  lost 
their  ori^nal  doKchocephalio  type  witbout  the  intermediary  of  any 
admixture. 

PREHISTORIC  SKULLS  OP  GERMANY. 

RhenUh  Hessia.—ln  examining  the  finds  of  the  latest  excavations, 
those,  for  instance,  which  have  been  made  near  Worms  (Rheinge- 
wann,  in  Khenisb  Hessia)  by  Dr.  Koehi,  where  he  found  skulls  of  tiM 
neolithic  period,  of  five  skulls  which  could  be  measured,  four  were 
dohchocephalic  and  one  meaaticephalic.  The  faces  of  these  skulls 
were  in  a  bad  state  of  preservstioa,  still  it  could  be  assumed  as  certain 
that  these  neolithica  had  long  and  narrow  faces,  high  sockets  (orbits) 
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aad  projecting  and  narrow  nosea.  Virchow,  who  had  studied  these 
akulls,  tliought  that  this  neolithic  race  of  Worms  was  Aryan,  or  at 
least  of  the  stock  from  which  the  Aryans  issued.  Besides  the  skulls 
there  was  also  a  large  number  of  platycnemic  tibue,  whole  or 
broken.  On  six  skeletons  the  platycnemy  could  be  measured,  uid 
Herr  Virchow  carried  out  iha  measuring  accordiDg  to  the  French 
method. 

Herr  Kflhl  opened  in  the  presence  of  Virchbw  some  graves  of  the 
Koman  period  and  took  from  them  four  skeletons  whose  skulls  were 
diagnosed  as  mesaticephalic;  only  one  was  on  the  border  line  ot 
dolichocephaly.*  Here,  then,  cranial  'evolution  was  more  advanced. 
At  Rheingewann,  at  Flombom,  and  at  Rheindorkheim,  in  the  same 
vicinity  of  Worms,  there  were  found  skulls  of  the  end  of  the  Bronze 
Age  which  were  mesaticephalic  or  dolichocephalic  (eapecially  those 
of  Flombom),  while  at  Adlersberg,  still  in  the  same  region,  the  skulla 
of  the  early  Bronze  Age  were  brachycephalic;  that  is,  evoluted. 

Bartels  was  able  to  make  a  more  complete  comparative  study  of 
these  places,  for  he  had  at  his  disposal  a.serie8  of  50  skulls.' 

However,  the  evolution  varied  according  to  the  locality.  Thus  in 
15  skulls  (6  of  men,  9  of  women)  found  at  Aisheim  (Rheiush  Heeaia), 
the  middle  index-  was  73.5,  the  maximum  80.3,  and  t^e  mini- 
mum 69.S.* 

Baden. — According  to  Ammon,  who  made  a  special  study  of  the 
anthropology  of  Baden,  the  cephalic  index  of  the  population  since 
early  German  times  has  been  generally  approaching  brachycephaly. 
Thus  in  the  reihengr&her  doUchocephalic  akuUa  are  found  in  the  pro- 
portion of  69.2  per  cent  with  an  index  of  80,  while  in  the  present 
inhabitants  the  proportion  is  only  15  per  cent.  On  the  other  hand 
the  brachycephals,  with  an  index  of  85  and  above,  constituted  only 
9.4  per  cent  among  the  old  Germans,  while  among  the  present  tluy 
are  represented  by  33.5  per  cent. 

Ammon  ascribed  the  cause  of  this  change  of  the  indices  to  some  sort 
of  natural  selection  which  is  noticeable  everywhere,  in  the  army, 
among  professional  men,  among  merchants,  and  in  the  laboring  world. 
According  to  this  theory  natural  selection  differentiates  and  separates 
the  different  classes  one  from  another  and  effects  subdivisions  wiUiin 
t^e  classes,  particularly  in  the  class  of  working  people,  whose  eco- 
nomic and  social  rise,  he  says,  is  made  possible  only  by  selection, 
survival  of  the  best.* 

I  Vlialuw.    KroaffniniE  priUibtoriadier  nod  rSmladuc  Qilbar  In  Wgn 
1S97. 

■  BhMi.    UbaSc 
Z«tmh  t.  EUmoloKle,  IMH. 

■Vlichaw.    Rtftmnpibsleldc  li«l  Alahelm.    Zaitsch.  I.  EOuulogla,  U77. 

•Amnum.  DlemtBtlUiia AaHeattMBUmsOaa.  Jaia,lBW.  SwMnZurAiUluapatoaltdtrBi 
bjtbeBUM,  Jens,  1B». 
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Bamiria, — Of  Bavaria  we  may  record  the  same  phenomenoa 
observed,  namely,  the  transformation  from  doliohocephaly  to  brachy- 
cephaly.  Thus  the  proportion  of  brachycephala  in  akulls  of  the 
reiheogr&ber  is  14  per  cent;  in  those  of  the  tenth  to  twelfth  centuriee 
(found  at  Lindau),  32  per  cent;  while  in  those  of  the  present  popular 
tion  of  southern  Bavaria  it  is  83  per  cent.'  It  even  did  not  require  an 
immeasurable  time  to  produce  this  enormous  change,  for  we  know 
how  many  centuries  passed  since  the  close  of  the  tenth  century  during 
which  doliohocephaly  has  decreased,  while  brachycephaly  has  in- 
creased. ^ 

WOrtUmberg. — The  antecedence  of  the  dolichocephals  is  here  noted, 
as  in  Baden,  Baviuia,  and  Rhenish  Heasia.  TifOB,  in  the  flat  graves 
(without  tumulus  covering)  of  the  neolithic  period,  which  were  db- 
covered  in  18S7,  near  the  Seelberg,  three  skulls  were  found  having  an 
index  of  72.4  to  77,8,  exhibiting  the  complete  German  type  of  the 
Merovingian  period  (from  end  of  fifth  to  middle  of  eighth  century 
A.D.). 

The  Hailatatt  hOgelgr&ber  (hill  graves,  b^;inning  of  the  Iron 
Age),  of  Wdrttemberg,  have  furnished  87  skulls  which  are  formed  as 
foUows:  75  more  or  leas  elongated,  with  an  index  varying  from  60 
to  79.2,  constituting  86.2  per  cent;  while  the  short  skulls,  with  an 
index  between  80.1  and  89.8,  numb^'ed  only  12,  or  13.8  per  cent. 

As  regards  their  type,  Von  Holder,  who  has  studied  them,  concisely 
defined  it  as  follows: 

The  dolichocephalH  aad  meaaticephals,  which  exhibit  all  the  eaBential  characteria- 
tici  of  the  Grermau  type,  are  of  the  same  kind  as  the  German  reihengriLber  of  Wflrt- 
lembeig  (fourth  to  eighth  centuri«a).  There  is  no  doubt,  remarks  U.  Eerv^,  that 
Suabia,  the  country  between  the  lUiine  and  the  Danube,  was,  during  the  Hailatatt 
epoch,  the  abode  of  a  considerable  port  of  the  great  northern  race  whoee  mDvements 
10  or  II  centuries  later  on  was  to  ahake  the  Roman  Empire.  The  dolichocephals 
were,  then,  the  ancestors  of  the  Suevians  and  Marcomana  described  by  Tacitus 

It  is  at  the  Utmost,  if  at  the  end  of  the  early  Iron  Age  the  brachy- 
cephala, who  now  predominate  in  nearly  all  parts  of  the  country, 
counted  here  and  there  a  few  representatives.*  We  might  quote 
other  proofs,  derived  from  the  excavations  in  Wtlrttemberg,  of  the 
antecedence  of  the  dolichocephals. 

Pn««io.~In  passing  over  into  north  Germany  the  same  facta  are 
observed.  Thus  from  Tilsit  to  the  other  end  of  the  country,  in  both 
eastern  and  western  Prussia,  and  in  Fomerania,  there  have  been 
found  a  number  of  skulls  of  the  early  Iron  Age — all  of  them  doli- 
chocephalic and  always  of  the  same  type  as  that  of  the  reihengrfiber. 

■  Bank*.  FTabmllMaltMlcba  ScUdsl  nad  Oebelue  aiu  lindau.  Sltimicaberlabta  d«r  Kflnlgl.  bayer 
AkadamisdarWlannBGlialteii.   UQdcImd,  1N7,  vol.  27. 

>  H.  TOD  BStdar.  Le  Tomuliu  halilatlleii  du  WQiUambeif ,  ravtewed  by  Ueni  In  tha  RiTue  de  I'Ecole 
d'AnltvolwlDtfe,  ISSa. 
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But  while  east  of  the  ViBtula  there  was  a  series  of  lai^ge  ekulls  mixed 
with  long  ones,  yet  weet  of  the  river,  in  the  present  Pomerania,  only 
dolichocephalic  skulls  were  found,  from  which  Lisesuer  concluded 
that  it  was  hete  that  the  German  race  originated.* 

These  skulls  recovered  from  the  hdgelgr&ber  of  the  Burroundii)^ 
of  Neustettiu  (Pomerania)  are  exactly  like  those  of  the  Hflgelgrab^ 
of  southern  Germany;  that  is,  they  are  dolichocephalic;  but  along 
with  the  pure  dolichocephalic  type  of  the  reiheogr&ber  there  were 
also  laiger  forms,  the  reeult  of  a  more  advanced  evolution.  Other 
older  skulls  (belonging  to  the  period  of  transition  from  Bronze  to 
Iron  Age),  which  have  been  found  in  Pomerania  at  Crisaau,  near 
Danzig,  in  western  Prussia,  are  likewise  of  the  dolichocephalic  type 
(70  to  70.2). 

Finally  three  still  older  skulls  (neolithic)  are  likewise  dolichoce- 
phalic. One  of  tbeee  came  from  a  tomb  in  the  plain  of  Conjavia, 
between  Thorn  and  Inowraslaw  (western  Prussia),  and  had  a  cephalic 
index  of  66.5;  it  was  massive,  with  prominent  superciliary  vaults 
nearly  running  into  one  another  at  the  frontal  joint  (glabella).  Ute 
two  other  skulls,  which  were  found  at  Wiskiavten,  in  Samland  (north 
of  Koenigsberg),  had  indices  of  63.1  and  68.8.' 

&Djce  Lissauer's  publications  in  1874  and  1878  other  finds  of  pre- 
historic skulls  have  been  made  in  north  Germany  which  confirm  the 
conclusion  of  this  author  regarding  the  dolichocephaly  of  the  {urimi- 
tive  blond  Germans.  Thus  a  neolithic  skull  discovered  by  Hollmaim 
near  TangermOnde  (central  Prussia,  district  of  Stendal),  and  exam- 
ined by  Virchow  m  1883,  had  an  index  of  68.5,-'  other  skulls  of  the 
same  locality  had  indices  of  71.5,  76,  and  even  77.7,  which  marks 
quite  an  advanced  evolution  for  the  last  two,  but  the  correspond- 
ing tibite  of  the  skeletons  were  in  part  slightly  platycnemic  like  other 
neolithic  skeletons  of  Grerman  origin  of  Rhenieh  Hessia. 

Schumann  in  several  communications  to  the  Anthropological 
Society  of  Berlin  in  1891  and  1894  discussed  neolithic  skulls  from 
various  parts  of  north  Germany  which,  besides  being  dolichocephalic, 
were  analogous  to  the  skulls  of  the  reihengraber  or  south  Germany. 
Thus  a  skull  from  Glasow,  near  LScknitz  (Pomerania),  had  an 
index  of  68.7  and  very  prominent  superciliary  vaults.  Another, 
foimd  at  Casekow,  in  the  region  of  Randow,  had  an  index  of  72.2, 
and  a  third  of  67.16  from  Oberftir,  in  the  vicinity  of  Bublitz.* 

Finally,  four  other  skulls  of  the  Roman  period,  discovered  in 
Borkenhagen  (region  of  CSsUn,  in  Pomerania),  showed  indices  oi 
69.8,  71.3,  71.5,  and  72.7,  although  these  would  be  much  later  than 

■  UssBuer.    Crania  pnualca,  ZeltBchr.  f.  EtbnoL,  I8T1,  p,  IBS,  Ui. 

■  LlsaBUer.    Loc.  cil. 

•  HoUmuui.    OrfibeitiiDde  bel  TRii(ermUiidB,  Ztltwhr.  f.  Ethnol.,  1SS3  andUH. 

,    TomioenKhB  Bkeletgrttber,  iralirscbeliillch  Biu  dar  Stdnult.   Zaltsclir.f.Etbnal.,ieU. 
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the  neolithic  period.'    The  erolution  yMcAi  in  older  localities  had 
already  relatively  advanced  was  less  noticeable  in  more  recent  plaoM. 
According  to  LiesaueT  the  middle  cephalic  index  of  282  present 
Prussian  skulls  is  79.1S. 

OLD   DOL1CEOOEPHAL8  OF  GERMAN  TYPE    POTJND  OtTTSIDE  OP 
PRESENT  GERMANY. 

Ilie  countries  in  which  these  skulls  are  met  with  are  many  and 
widely  extended  in  Europe. 

EoUaTid. — ^In  the  northeast  of  this  country  there  have  been  found 
in  certain  tombs,  called  terpa,  dating  from  the  b^yming  of  the  Chris- 
tian era,  39  skulls  whose  medium  cephalic  index  is  74.8.  There  were 
£4  per  cent  dolichocephalic,  38  per  cent  mesaticephaUc,  and  only  8 
per  cent  brachycephalic'  The  dolichocephalic  were  identical  with 
those  of  the  reihengraber,  while  the  brachycephalic,  as  it  is  seen, 
were  but  slightly  represented  down  to  historic  time.  In  contrast  to 
this,  of  80  skulls  of  the  fourteenth  and  fifteenth  oenturies  there  wen 
not  a  single  one  whose  index  was  less  than  80.  At  present  the  great 
mass  of  the  people  of  Holland  are  of  two  brachycephalic  types,  one 
blond  the  other  brown,  the  former  with  a  middle  index  of  80  to  82, 
the  latter  with  one  of  84  to  86.' 

Bohemia. — In  this  country,  which  adjoins  south  Germany,  were 
found  skulls  which  were  much  older  than  those  of  Holland,  for  they 
dated  from  the  neolithic  period.  At  that  time  the  large  majority 
was  dolichocephalic,  whUe  at  present  the  Czech  population,  aa  well 
as  the  Germans  of  Bohemia,  are  brachycephalic.  Only  their  lanr 
guage  separates  them.  During  the  Stone  Age,  says  Kiederlfi,*  a 
round  skull  is  extremely  rare. 

In  the  Halletatt  period  the  percentage  remained  in  favor  of  dolicho- 
oephaly;  it  is  only  much  later,  from  the  eighth  to  the  twelfth  centu- 
ries, that  brachycepbaly  begins  to  predominate,  40  per  cent  brochy- 
cephals  as  opposed  to  20.9  per  cent  of  dolichocephals.  Finally,  the 
ekullfi  of  the  sixteenth  century,  examined  by  Mstiegba,  are  meeati- 
cephalic  in  the  proportion  of  25  per  cent,  and  the  dolichocephalic 
only  5  per  cent.  That  scholar  also  stated  that  the  proportion  of 
brachycephals  is  much  larger  among  females.* 

The  following  summing  up  of  Zuckerkandl  shows  the  gradual  8Ui>- 
planting  of  the  dolichocephals  by  the  brachycephals  in  Bohemia :  * 

Prehistoric  time. — Long  skulls,  57.1  percent;  middle,  19.1  percent; 
short,  23.8  per  cent. 

iSetiuiiuiui.SkslstfrilbuiiillrBinisdicinBcisalMD.    ZaUacb.  t.  EUmol.,  ISH. 

•  H-CTolmer.    DJoeraWa  BewahDWdarNonliteUiW,«t«.   Au^It  tDi  Aothnipcloclg,  UOO. 

•  S««k.    DabetdiaVabnItui«derroUiluul(ailiiilanNl«di«laiidaii.    Zvltaattritt mr Mcrphalaile, UOT. 

iNUibi>l«.    Die  cesterrelcIibcbe-aiieulMliB HouaicMe In  Wart  uu  B  "     — 
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i^reaefU  ^m«. — Long  skulls,  0;  middle,  17.6  per  cent;  abort,  82.6 
per  cent. 

This  change  is  due  to  the  transformation  of  the  doliohocephalie 
type  without  the  influence  of  a  foreign  immigration. 

It  should  be  noted  that  although  the  erolution  was  a  gradual  one,  it 
did  not  reqiiire  an  indefinite  tame,  for  the  modification  took  place 
gradually,  almost  from  century  to  centuiy,  as  is  proved  by  the  finds 
in  graves  which  are  exactly  dated.  Thus  the  graves  of  the  tenth 
century  furnished  58.3  per  cent  of  long  skulls,  while  in  those  of  the 
twelfth  and  thirteenth  centuries  there  are  no  more  than  23.6  per  cent. 
At  Hhe  same  time  the  cephalic  index  increases.  Thus  the  cephalic 
index  of  74.66  in  the  tenth  century  rises  to  76.19  until  the  end  of  tbe 
eleventh  century,  and  to  7S.26  until  the  end  of  the  thirteenth  century; 
in  the  sixteenth  century  it  is  already  80.77,  and  at  the  present  time 
83.19.*  It  is  also  to  be  remembOTed  that  the  oldest  Quaternary  race 
of  Bohemia  was  likewise  doHchocephalic  to  judge  from  the  Brux  skull 
^licb  dates  from  the  Housterien  period. 

As  regards  the  color,  at  present  the  brown  type  predominates  in 
Bohemia,  while  in  the  Middle  Ages  it  was  still  the  blond  ^rpe. 
Finally,  the  historical  documents  dating  from  the  end  of  the  first 
century,  point  to  the  fact  on  which  Niederle  insists,  namely,  that  the 
Slavs  of  the  East  were  blond  and  had  blue  eyes.  As  prehistory 
teaches  us  that  the  primitive  type  was  dolichocephalic,  so  history  tells 
us  that  the  primitive  type  of  the  Slavs  was  blond.  Accordkig  to 
Weissbach  the  middle  cephalic  index  of  221  modem  Slav  skulls  is 
82.90,  and  according  to  Meyer  and  Kopemiki  it  is  84.4  among  the 
Poles  and  Kuthenians  of  GtJicia. 

Austria. — In  the  western  Provinces,  Gemuin  as  well  as  Slavic,  the 
primitive  population  was  likewise  dolichocephalic,  for  the  ratio  of 
dolichocephaly  to  brachycephaly  was  originally  as  87  to  13.  Sub- 
sequently the  relation  was  reversed,  as  can  be  seen  from  the  following 
table,  according  to  Zuckerkandl: ' 
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Hungary. — ^At  Lengyel,  in  south  Hungaiy,  five  prehistoric  akuUs 
have  been  found,  four  of  which  were  neolithic  and  one  was  of  the 
Bronze  Age.  They  were  measured  by  Virohow.  Ttie  first  four, 
which  were  male,  had  a  cephalic  index  of  74.3,  7S.2,  68.82,  and  67.5, 
while  that  of  die  fifth  was  77.3.  Virchow  said  that  these  skulls 
greatty  resembled  the  neolithic  skulls  of  northern  Europe,  and 
added  tii&t  they  xoight  even  be  considered  as  of  Aryan  origin,  or  as 
representing  one  of  the  stocks  from  which  the  Aryans  sprung.'  It  ia 
probable,  however,  that  these  doUchocephals  were  merely  immigrants 
from  the  north.  In  any  case  they  prove  the  wide  expansion  of  the 
prehistoric  blonds  in  Europe. 

Tlie  lalea  of  Britain. — ^In  the  long  barrows  of  the  Stone  Age,  as  in 
the  tumuH  and  caves  of  the  same  pmod,  were  found  skulls  with  a 
middle  index  of  72  for  86  skulls,  but  not  of  the  Grennan  type,  as  their 
dolichocephaly  was  more  meridional.  They  are,  therefore,  of  no 
service  for  our  subject,  the  less  so,,as  the  stature  of  the  skeletons  is 
much  shortOT  than  that  of  the  dolichocephals  of  other  countries  which 
have  been  connected  with  the  Mond  stock. 

After  the  dolichocephals  the  brachycephals  came,  bringing  bronze 
with  them  into  England.  These  are  found  in  the  round  barrows  of 
the  southern  part  of  the  country  (with  middle  cephalic  index  of  80  for 
103  skulls) ;  but  they  are  not  to  be  considered  as  the  descendants  of 
tiie  neolithic  dolichocephals,  as  they  were  immigrants.  Besides,  the 
potteiy  of  the  Bronze  Age  fully  resembled  that  of  Central  Europe.* 

The  only  brachycephals  who  might  be  descendents  of  the  neolithic 
dolichocephak  are  those  of  the  same  period  who  are  found  in  different 
parts  of  the  British  Islands,  not  in  the  long-barrows,  but  in  the 
tumuli,  in  caves,  and  in  other  graves.  These  neolithic  brachycephals 
tOK  quite  different  from  those  of  the  Bronze  Age. 

There  were,  however,  in  Great  Britain  blond  peoples,  which  Strabo 
has  apecifioally  described : 

The  Britons  are  much  taller  than  the  Celts  (Gaula)  and  leea  blond,  but  of  a  gentler 
tempenment.  7o  give  an  idea  of  their  stature,  we  have  seen  with  our  own  eyes  in 
Rome  that  when  scarcely  eme^ed  fiDm  infancy  they  would  aurpaw  the  tallest  people 
in  the  city  by  half  a  foot.  It  should  be  added  that  along  with  this  they  are  bow-legged 
and  their  bodies  are  generally  ill -proportioned.* 

Tacitus,  who  must  have  been  well-informed  about  the  type  of  the 
Britons  through  his  father-in-law,  the  Roman  general,  Agrioola, 
dwells  particularly  on  the  variety  of  their  external  characteristics 
(habitus  corporum  varii),  for  he  describes  the  reds  and  blonds  among 
the  indigenes  of  Great  Britain.    He  says: 

The  russet  haii  of  the  inhabitauta  of  Caledonia  and  their  loige  size  attest  Gendan 
origin.    •    *    ■    The  Britons  nearest  to  the  Oauk  resemble  them,  either  by  reason 

'Vlrobaw.    ExounlonnBcli  Lang^eKSOd-tJiipini).    ZeltKbrift  IQr  Ethuoloile,  18M. 
' Ab«rcnimb]P.   TlualdcstBroimA|BC(raiiikt7p<  InBrltaln.  lounuloItlieAutliropolDglcBllnatflute 
of  Onat  BrlHln,  IKH. 
•  Btnbo.    Otowbl,  Cb^/.  Y.  L 
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of  the  lasting  impreHS  of  the  same  origiik,  or  because  in  theee  coimtdee,  whict  &co  one 
another,  the  likeness  of  the  climate  has  given  the  body  the  same  foim.  But  it  is 
probable  that  the  Gauls  had  settled  in  the  country  ao  near  to  them.' 

The  Britons  •mth  brown  hair  are  placed  by  Tacitus  in  the  southwest 
of  the  Gallic  country.  "The  tawny  color,  the  generally  curly  hair  of 
the  Silures  and  their  location  opposite  Spain  suggest  that  the  ancient 
Iberians  had  crossed  the  sea  to  settle  in  the  country."  ' 

The  Spanish  origin  of  the  Silures  does  not  seem  in  doubt,  and  as  iax 
the  Caledonians  (Scots)  of  German  type,  they  must  be,  in  our  opinion, 
the  descendants  of  tl^e  Celts  who  invaded  the  British  Islands  toward 
the  seventh  or  eighth  century  B.  C,  or  even  of  blonds  preceding  the 
Celts.  However  that  may  be,  it  may  be  assumed,  on  the  authority  of 
Tadtus,  that  in  ancient  time  there  existed  in  Great  Britain  both 
blond  and  brown  indigenes,  just  as  at  present  there  are.  blond  and 
brown  Englishmen. 

Still,  according  to  tradition,  the  blonds  were  in  majority  there 
during  the  Middle  Ages,  not  so  much  on  account  of  the  inunigratiou 
of  Anglo-Saxons,  Banes,  and  Normans,  but  because  the  blonds  were 
already  numerous  there  before  such  immigration. 

"It  seems  perfectly  proved,"  says  Prichard,  "that  the  color  at 
present  predominating  in  the  British  Isles  differs  markedly  from  that 
of  all  the  races  which  entered  into  the  formation  of  the  present 
people.  We  have  seen  that  the  ancient  Celtic  tribes  belonged  to  b 
bbnd  race,  and  such  also  were  the  Anglo-Saxons,  the  Danes,  and  the 
Normans,  lastly,  the  Caledonians  (Scots)  and  the  Gaelic  (Iiiidi),  like- 
wise, were  a  people  with  white  skin  and  blond  hair,  and  yet  these 
peculiarities  by  no  means  form  a  constant  characteristic  among  the 
mixed  descendants  of  these  blue-eyed  races."  ' 

According  to  Beddoe,  the  people  of  modem  England,  as  r^aids 
the  eyes  and  the  hair,  are  darker  than  those  of  Scotland. 

Denmark. — The  bestrknown  Danish  skulls  of  the  Stone  Age  are 
those  of  the  celebrated  tumulus  of  Borreby,  in  the  southwest  of 
Sjalland  Island,  which  ore  preserved  with  other  skulls  of  the  suc- 
ceeding ages  in  the  Museum  of  the  Antiquities  of  the  North  at  Copen- 
h^en.'  Virchow,  who  had  measured  them,  found  for  25  skulls  of 
Borreby  a  middle  index  of  79.  Among  them  there  were  brachy- 
cephals  as  well  as  dolichocephals,  but  the  latter  were  in  the  majority. 
O^er  neolithic  skulls  of  Denmark  (Islands  of  Moen,  Falster,  and 
Langland)  were  combined  for  measurement  with  those  of  Borreby,  and 
yielded  the  somewhat  lower  middle  index  of  77  for  a  total  of  41  skulls. 

A  particular  characteristic  of  a  certain  number  of  these  skulls  con- 
sists in  a  marked  jutting  out  of  the  orbital  vaults,  similar  to  that  of 
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the  Neanderthal  man,  which  Virchow  compares  irith  that  of  the 
present  Australians. 

It  may,  therefore,  be  concluded  that  these  skulls  are  of  remote 
antiquity,  notwithstanding  that  some  of  them  are  braohyoephalic. 
In  any  case,  they  are  not  Lapp,  howsoever  they  may  show  the  type 
called  Xiappoaoid,  for  the  Lapps  have  never  inhabited  the  Scandina- 
vian r^ons  below  62°  north  latitude. 

For  the  Bronze  Age  Yirchow  could  measure  only  tbree  skulls 
whose  middle  index  is  66.6.  The  five  skulls  of  the  Iron  Age  have 
indexes  of  65.5  for  the  early  Iron  Age  and  69.1  for  the  later  one.' 

Since  the  publication  of  Virchow's  measurements  of  the  prehistoric 
skulls  of  the  Museum  of  the  Antiquities  of  the  North,  Soren  Hansen 
has  examined  five  otiier  skulls  of  the  Bronze  Age,  wliile  Prof.  Nielsen 
has  studied  tlie  eatixe  prehistoric  population  of  Denmark  at  different 
periods. 

Thus  Nielsen  stated  that  of  119  skulls  of  the  Stone  Age  thsre  were 
83  dolichocephalic,  that  is,  70  per  cent,  and  more  than  half  of  these 
83  neolithic  skulls  (47  per  cent)  were  pure  dolichocephalic,  with  an 
index  of  75  or  less.  Of  the  skulls  of  Uie  Bronze  Age  only  1  was 
brachycephslic  (81)  and  3  inclined  to  an  index  of  79.  Of  the  35  skulls 
of  the  Inm  Age,  lastly,  only  I  was  brachycephalic  (81),  2  liad  an 
index  of  79,  while  26  had  one  of  75  or  less.*  Besides,  the  skeletons  ' 
found  in  peat  and  those  of  the  Iron  Age  are  particularly  laj^e. 

From  this  preponderance  of  dolichocephaly  during  prehistoric 
times  in  Denmark  we  conclude  that  the  population  there  was  then 
blond,  as  in  Germany  and  the  neighboring  countries ;  and  as  regards 
the  prehistoric  brachycephals  of  the  different  ages,  they  were  related 
to  the  corresponding  dolichocephals.  At  present,  dolichocephaly 
seems  to  predominate,  though  meeaticephaly  and  brachycephaly  are 
not  wantbig.  By  far  the  gre&ter  part  of  the  present  population  has 
chestnut-colored  hair,  but  with  light  eyes,  while  dark  eyes  are  rela- 
tively rare.  There  are  likewise  some  blond-haired.  (The  observa- 
tions were  made  on  2,000  individuals  of  the  age  of  20  from  the 
southern  and  eastern  parts  of  the  peninsula  of  Jutland.)  * 

Sweden. — In  this  country,  already  at  the  period  of  polished  stone 
implemante,  there  were  three  races:  (1)  True  dolichocephals,  with 
elliptic  or  slightly  oval  countenance,  low  and  narrow  forehead, 
hi^y  developed  superciliary  arches  and  glabella,  low  orbits  and 
straight  noee;  (2)  brachycephals;  (3)  mesaticephals  of  very  varied 

iVircbin*.   Dtoaltnordlsibai  BchUalm  Eiipenhagsn.   Arabiv.  lOr  MUunpolo^s,  1S7D. 
■NMmd.    Antlirapolo(l«d«lapap<ilaUandu  Danamark,  loos  (quoted  b;  O.  RMilm  In  ths  lounul  of 
tlwAutlirap<A>(Ial  biHtaMOl  Onu  BtlUIn,  ISDB,  p.  aM). 
■  sunn  HutMD  u4  Ttqilmtd.   Laa»l«irdracb«T«ixct  dnysuxtaDuiMiiiik.   Rsvue  d'Aathio. 
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Of  42  neolithic  skuUs  coming  from  different  parts  of  Sweden,  30 
are  dolichocephalic,  16  mesaticephalic,  and  only  3  bnohycaphalic. 
The  periodfl  of  bronze  and  iron  produced  no  important  change  in  the 
proportion  of  these  different  e^mio  elements  iduoh  still  constitato 
the  basia  of  the  present  population. 

Of  SI  skulls  of  the  Iron  Age,  47  are  dolioocephaJJc,  IS  meeatice- 
phalic,  and  4  bracbycephalic.  It  is  thus  very  probable,  says  G. 
Set^nus,  that  the  dolichocephalic  people  of  prehistoric  times  belonged 
to  a  race  of  great  stature,  with  blond  hair,  blue  eyes,  and  long  head, 
which  still  represents  85  per  cent  of  the  present  population.  Tbua 
Bet^us  calls  Sweden  the  home  of  the  blonds. 

The  archeologist  Bunsen  told  Frichard  in  r^ard  to  this,  "that  he 
had  in  Tain  searched  for  the  golden  hair  and  azure  eyes  of  the  an<aant 
Germans,  and  that  he  could  never  find  the  originals  of  the  portfails 
which  the  ancients  had  depicted  of  his  compatriots  until  he  virated 
SoandinaTia;  there  he  fotmd  himself  ia  the  midst  of  the  Gemuuis  of 
Tacitus."  • 

As  r^ards  the  brachjcephals,  says  Retziue,  only  surmises  can  be 
expressed  on  their  affinity  with  the  Lapp  or  Finnish  races,  or  with  the 
brachycephala  which  are  met  with  in  the  same  period  in  the  net  of 
Europe. ' 

At  present  there  are  in  Sweden  about  87  per  cent  dolichooephek 
and  only  13  per  cent  brachycephals. 

On  our  part  we  shall  call  attention  to  the  stron^y  jutting  out  of 
the  aupercUiaiy  vaults  of  the  glabella  among  the  neolithic  dolioho- 
cephals  of  Sweden,  which  has  already  been  noticed  in  other  neolithic 
skulls  of  ancient  Germany.-  This  anthropological  charactedstio  rep- 
resents an  atavism  8ugs^^i°&  ^  our  opinion,  a  relationship  to  the 
dolichocephals  of  the  period  of  chipped  and  perished  stone  implements. 

But  as  r^ards  the  naolithio  brachycephalic  skulls,  designated  by 
De  Quatrefages  and  Hamy  as  Laponoldes,  which  have  been  found  in 
various  regions  of  western  Europe,  they  have,  in  our  opinion,  no 
connection  whatever  with  the  Lapp  race ;  their  origin  should  be  looked 
for  where  they  are  found. 

Norway. — Of  161  old  Norw^ian  skulls  which  form  part  of  the 
anatomical  collection  of  the  University  of  Christjania,  and  which 
have  been  examined  by  Justus  Barth,  there  were  41.8  per  cent 
dolichocephalic,  52.3  per  cent  meeatJcephalic,  and  only  5.9  per  cent 
brachycephalic.  All  these  skulls  r^resent  the  ancient  people  of 
southeast  Norway,  and  their  average  age  is  about  500  years.  To 
these  are  joined  a  number  of  other  skulls  found  in  tumuli  of  the 
Viking  Age;  that  ia,  of  the  latter  part  of  the  Iron  Age,  and  the  time 

ipifcdtird.    Op.o]t.,T^l,p.3a7. 
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immedutely  preceding  it.  There  was  fdso  examined  a  ocrflection  of 
^uUb  from  ^ederen  in  soutlieast  Norway  (the  metliod  employed  in 
measuring  was  the  so-called  of  Frankfort). 

"The  Viking  type,  which  is  very  marked  and  widely  spread,  is 
neverthelesB,"  says  Barth,  "not  rigbtJy  considered  as  specially 
belonging  to  Norway;  it  is  rather  an  archeo-Oermanic  type,  to  judge 
by  its  resemblance  to  the  ancient  form  Icnown  as  the  type  of  the 
row-graves  [reihengr&ber].  The  Viking  type  is  found  not  only 
among  these  old  Norregian  skulls,  but  is  met  with  also  among  our 
contemporaries,  and  especially  in  the  dohcho  and  meeaticephalic 
districts.  They  are  also  found  among  the  skulls  of  Jaederen,  which, 
according  to  Arbo,  belong  to  the  brachycephalic  type.  One  is  con- 
strained  to  assume  that  besides  the  Itapps  and  Finns  two  other  ethnic 
elements,  the  decidedly  dolicho-meeaticephals  and  the  decidedly 
brachycephals,  entered  into  the  formation  of  the  Norregian  race."' 

The  very  small  proportion  of  brachycephals  and  the  predominance 
of  mesaticephals  would,  in  our  opinion,  prove  that  they  are  the 
product  of  evolution  of  the  dolichocepbals,  for  besides  ihe  skulls  of 
the  Viking  type  there  are  skulls  which  date  only  from  about  500  years. 
At  present,  according  to  the  investigations  of  Arbo  and  oth^ 
anthropolt^iate,  the  dolichocephafs  preponderate,  especially  in  the 
eastern  part  of  the  country,  but  in  the  southeastern  and  along  the  coast 
a  large  proportion  of  brachycephals  is  met  with. 

iftwna. — Prehistoric  akuUa  of  the  kurgans  (tumuli)  of  central 
Russia  were  described,  in  1892,  by  Bogdanov;  they  are  similar  to 
those  of  the  old  German  type.    He  says  as  follows: 

One  of  the  moat  emiaettt  aathiepologiBta  of  Germany  wrote  that  when  seeiiig  these 
skulls  he  noticed  their  perfect  leeembluice  to  the  ikulla  found  in  the  ancient  tomba  of 
Genn&ny  (reihengrftber).  A  distioguiahed  imtbropoli^ut  of  Sweden  found  that  they 
reeembled  the  ancient  Swedioh  sIcuUb.  In  going  wvenl  times  through  the  musemns 
of  Europe  I  was  struck  by  the  leaemblance  of  the  skulls  found  in  Glenumyand  belong' 
ing  to  the  i^ehistoric  time  of  that  country  to  our  Kuipniaai.' 

Theee  skulls  have  already  been  disclosed  by  us  in  a  oommnoica- 
tion  to  the  society  in  1891  (De  la  transformation  d'une  race  doli- 
choc^phale  en  une  race  brachyc^hale),  and  we  shall  not  repeat  it 
here.    We  shall  only  extract  the  following  passage  for  our  argument: 

In  the  preluBtoric  tumuli  of  the  government  of  Uoocow  there  were  56.4  per  cent  at 
doUdiocephalic,  or  rathw  eubdoUcfaocephalic  sknlle,  and  22  per  cent  meeaticephalic; 
the  brschycephalic  fumiahed  only  0.6  per  cent.  But  dolichocephaly  dimhiiahed 
little  by  tittle,  and  bracbycephaly  ended  bygettingtheb^terof  it  in  modem  times. 
Tliua  of  120  skulls  from  the  old  cemeteries  of  Moscow,  dating  from  the  sixteenth  to 
the  eighteenth  centuries,  there  ware  only  19.65  per  cent  dolichocephalic,  while  the 
brachycephalic  wet«  in  the  proptfftionof  62.98  percent.  There  have  also  been  found 
samples  of  hair  in  some  kurgans  which  appear  to  have  been  dark-blond  for  the  dolicho. 
cephals  and  chestnut-colored  for  the  bnchycephols. 
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This  would  prove  that  the  ^va  of  Russia  were  quite  doliclioce- 
phalic  and  blond  in  the  b^inning,  but  became  braohycephalic  and 
brown  exdusiTdy  under  the  influence  of  evolution,  not  owing  to 
mixture. 

We  believe,  then,  that  we  have  indicated  the  principal  regions  of 
Europe  where  the  neolithiQ  dolichocephals  of  the  German  type  have 
been  found,  and  it  will  be  noticed  that  neither  Belgium  nor  France 
have  been  considered,  because  the  neolithic  dolichocephals  of  these 
countries  are  not  of  the  German  type,  properly  speaking,  although 
there  may  have  been  some  connection  between  them. 

As  regards  the  so-called  Merovingian  skulls  which  have  been  found 
in  France,  it  is  well  known  that  they  come  from  immigrants  in 
historic  time. 

Iliere  remains  Switzerland,  where  prehistoric  dolichocephals  of  the 
German  type  *  have  been  met  with,  but  they  are  skulls  of  immi- 
grants. Upon  what  ground  is  the  assumption  based  that  they  are 
skulls  of  immigrants  ?  Upon  the  fact  that  before  them  there  were 
already  in  that  country  other  races  of  an  entirely  different  type,  as 
has  been  shown  by  human  bones  found  there.  The  skulls  which 
were  anterior  to  those  of  the  German  type  are  brachycephahc,  so- 
called  Laponoid  resanbling  those  of  the  race  of  Grenelle,  which,  in 
their  turn,  are  again  the  descendants  of  another  dolichocephalic  race, 
representing  the  oldest  race  of  Switzerland. 

The  Laponoid  brachycephals  should  be  distinguished  from  another 
prehistoric  brachycephalic  race  of  a  finer  type  than  that  met  witlh  in 
Switzerland  in  the  Bronze  and  Iron  Ages,  and  which  proceeded  from 
the  German  dohchocephalic  race,  like  that  which  has  passed  away  in 
Germany  and  other  countries  mentioned  in  our  description. 

Thus  the  succession  of  the  different  prehistoric  races  in  Switzer- 
luid,  from  our  point  of  view,  is  as  follows: 

1.  The  primitive  dolichocephalic  race. 

2.  Laponoid  brachycephals  (not  Lapps),  issued  from  the  preceding. 

3.  German  dohchocephalic  race. 

4.  Brachycephalic  race,  issued  from  the  preceding. 

At  present  brachycephaly  predominates  in  Switzerlsnd. 

FREQUENCY  OF  BBACHYCEPHALY  AUONG  WOMEN  IN  THE  COURSE 
OF  EVOLUTION. 

It  has  already  been  noted  several  times  that  in  certain  tombs, 
which  contained  a  more  or  less  laige  number  of  dolichocephals  and 
only  a  few  brachycephals,  that  it  was  the  female  sex  which  most 
frequently  presented  brachycephaly  or  mesaticephaly.    Lissauer  and 
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Virohow,  for  German  skuUs,  and  Matiegha,  for  Bohemian,  have 
noticed  this  fact  without,  however,  attempting  to  explain  it.  Thus 
Lossauer,  among  30  skulls  of  Kaldus,  coimted  13  doU(^ocephalic,  13 
mesaticephalic,  and  4  brachycephalic,  and  3  of  these  last  ones  were 
of  women. 

Virchow,  in  a  communication  to  the  Anthropological  Society  of 
BerUn  in  1881,  on  the  graves  of  Slaboszewo,  near  Mazilno  (Posen), 
presented  the  study  of  16  skulls,  10  of  men  and  6  of  women,  whose 
cephalic  index  was  72.5  for  the  former  and  77.S  for  the  Utter.  Of 
the  6  women  there  were  5  mesaticephaUc  and  1  hrachycephalic,  but 
not  one  dolichocephalic. 

Among  the  skulls  of  other  sepulchers  which  have  been  measured  by 
different  authors  thrae  is  sometimes  only  a  single  brachycephalio 
found  among  a  certain  number  of  doHchoceplialic  ones,  and  it  is  pre- 
cisely the  hrachycephalic  one  that  belongs  to  a  woman.  It  might  be 
objected  that  it  is  often  difficult  to  recognize  the  sex  characteristics 
of  a  female  skull,  but  in  a  good  many  sepulchers  the  skeletons  are 
intact,  which  permits  of  distinguishing  the  Boxea. 

If,  therefore,  it  bo  assumed  that  the  brachycephals  are  immigrants, 
where  there  are  dolichocephals,  it  must  also  be  assumed  that  women 
only  had  invaded  the  localities  where  only  female  brachycephals  are 
found — something  unbelievable. 

Furthermore,  it  has  already  often  been  remarked  that  the  brachy- 
cephals were  at  first  found  everywhere  in  small  numbers  and  increased 
only  in  the  coarse  of  centuries.  It  must  then  be  supposed  that  the 
hrachycephalic  men,  if  they  had  been  the  invaders,  were  scattered 
over  a  wide  area  of  land,  being,  at  a  certain  period,  everywhere  in  the 
minority— something  which  is  no  less  inadmissible. 

To  say  that  the  hrachycephalic  immigration  came  from  unknown 
parts  is  a  pure  hypothesis.  It  must  then  be  supposed  that  the  evolu- 
tion from  the  dolichocephalic  type  to  the  hrachycephalic  was  first 
effected  in  the  female  sex.  In  other  words,  the  modification  of  the 
cephalic  type  seems  to  have  made  its  appearance  first  in  woman. 

We  could  quote  other  proofs  in  support  of  our  thesis  of  the  muta- 
bility of  anthropological  characteristics,  and  if  it  is  admitted  that  a 
hrachycephalic  race  might  d^cend,  without  mixture,  from  a  dolicho- 
cephalic race,  which  also  implies  the  transformation  of  a  blond  race 
into  a  brown  one,  the  task  of  historians  would  be  facilitated,  and  they 
would  thus  bo  able  to  establish  the  relationship  of  certain  peoples 
that  are  divided  not  only  by  name  and  language  but  also  by  anthro- 
pological characteristics. 

In  this  way  could  be  explained  the  connection  between  the  blond 

Celts  and  the  brown  ones  by  assuming  that  this  people  was  originally 

blond.    In  the  same  way  it  could  be  explained  why  the  Slavs,  whom 
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hiBtory  depicts  as  having  once  been  blond,  are  now  brovn  or  approach- 
ing that  color. 

History  also  tells  us  that  there  have  been  sucoesBive  invasions  of 
blonds  in  Burope,  Huch  as  of  the  Celta,  tho  Cimbrians,  the  Oennsna, 
etc.  Now,  it  may  be  assumed  that  similar  iuvaaions  had  also  taken 
place  in  prehistoric  times,  and  it  is  on  that  account  that  the  exact 
period  of  the  settlement  of  the  Celts  in  western  E^urope  can  not  be 
determined;  but  the  Celts  might  be  ooi»idered  as  the  predeceeson 
and  conquerors  of  the  Cimbrians,  Germans,  Goths,  Normans,  etc. 

It  remains  to  speak  of  the  origin  of  the  blond  or  red  Fins,  the  blond 
Laps,  and  of  the  blonds  that  are  sporadically  met  with  among  brown 
nations. 

It  has  already  been  shown  that  the  blond  Finns  sprung  from  brown 
Finns,  and  it  is  thus  seen  that  a  blond  race  might  descend  from  a 
brown  one  without  the  intenuediary  of  any  mixture,  just  as  a  brown 
race  might  descend  from  a  blond  one. 

As  regards  the  blond  Lapps,  their  evolution  ^  the  same  as  that  of  the 
blond  Finns;  that  is  to  say,  they  d^cendsd  directly  from  tho  brown 
Lapps  without  crossing  with  a  foreign  race. 

Aa  to  the  blonds  that  are  met  with  everywhere  in  the  midst  of 
brown  races,  in  exclusively  brown  families,  they  are  the  result  of  a 
simple  transient  variation,  so  that  they  themselves  can  not  pro- 
create but  browns,  resembling  the  race  from  which  they  sprung. 

In  conclusion,  we  believe  that  it  is  demonstrated  that  during 
Neolithic  times  there  existed  in  a  great  part  of  Europe — in  Holland, 
Germany,  Austria,  Bohemia,  Denmark,  Sweden,  Norway,  andSussia — 
one  and  the  same  dolichocephalic  race,  being  the  descendant  from  the 
Quaternary  dolichocephalic  race  and  which  can  be  considered  as  the 
stock  from  which  sprung  the  blonds  mentioned  in  history  under  the 
names  of  Celto-<3alato-Gauls,  Cimbrians,  Germans,  Goths,  Normuu, 
etc.  Ail  these  blond  races  were  therefore  of  European  not  Asiatic 
origin,  and  they  had  occupied  a  vast  area  and  not  a  more  or  less 
limited  part  of  Europe.  Subsequently  they  invaded  other  parts  of 
Europe  and  even  Asiatic  regions. 

Later  the  greater  part  -  of  these  blond  races  was  transformed, 
becoming  brown  emd  brachycephalic  without  the  intermediary  of  any 
mixing,  and  this  is  the  reason  why  at  present  exclusively  blond  races, 
as  described  by  the  ancient  authors,  are  found  no  more,  so  that  they 
may,  be  called  fossil  races. 


■■■r  r  ■  ,^  -..Goot^le 


HISTORY  OF  THE  FINGER-PRINT  SYSTEM. 


By  BlKTHOLD   IiAUTBB. 


[Witli  7  pktet.] 


On  May  2,  1906,  the  Evening  Post  of  New  York  annoanced  in  an 
article  headed  "Police  Leeson  from  India"  the  Srat  succeesFul  appli- 
cation in  this  country  of  the  thumb-pnnt  test.  A  notorious  crim- 
inal had  robbed  the  wife  of  a  prominent  novelist  in  London  of  £800, 
had  made  his  escape  to  New  York,  and  was  captured  after  com- 
mitting a  robbeiy  in  one  of  the  large  hotels  in  that  city.  The  Ber- 
tillon  Bureau  of  the  Police  Department  took  a  print  of  one  of  his 
thumbs,  which  was  mailed  without  any  other  particulars  to  the 
Convict  Supervision  Office,  New  Scotland  Yard,  London,  where  he 
was  promptly  identified.  He  was  convicted  and  sentenced  to  seven 
years  in  prison.  The  system  of  finger  prints  is  now  successfally 
utilized  by  the  poUce  departments  of  all  large  cities  of  this  comitry, 
central  bureaus  of  identification  havii^  been  established  in  the 
capitals  of  the  States.  Ilie  admissibility  of  finger-print  evidence  as 
valid  proof  of  guilt  in  murder  trials  was  upheld  in  the  case  of  a 
colored  man  executed  in  Cook  County,  II].,  on  February  16,  1912. 
He  was  convicted  of  murder  largely  on  a  showing  by  the  prosecu- 
tion that  the  imprint  of  a  finger  on  the  woodwork  in  the  slain  man's 
house  corresponded  with  that  in  the  records  of  Joliet  prison,  where 
an  imprint  of  the  accused's  fingers  had  been  taken  when  he  was  dis- 
diorged  from  the  penitentiary  a  short  Ume  before  the  murder. 
Likewise,  in  our  relation  with  illiterate  people  the  system  has  come 
to  the  fore.  On  the  approval  of  the  Secretary  of  the  Interior  Depu1>- 
ment,  the  Commissioner  of  Indian  Affairs  instructed  officials  through- 
out Oklahoma  in  1912  that  hereafter  every  Indian  who  can  not 
write  his  name  will  be  required  to  sign  all  checks  and  official 
papers,  and  indorse  checks  and  wurants  covering  Indian  money, 
by  pi^lnng  an  impression  of  the  ball  of  his  right  thumb,  such  imprint 
to  be  witnessed  by  an  employee  of  the  Indian  agency  or  by  one  of 
the  leading  mea  of  the  tribe  who  can  write.  If  an  Indian  is  not 
living  with  his  tiib^,  his 'thumb-mark  signature  must  be  witnessed 
by  the  postmastw  of  the  place  where  he  resides.    Prominent  banks 
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of  Chicago  have  adopted  finger  prints  in  the  case  of  foreign-bom 
cnstomerB  who  can  not  sign  their  names  in  English,  and  it  is  reported 
that  tlie  scheme  has  worked  out  to  perfect  Batisfaction.  Hie  cashier 
of  one  of  the  large  Chicago  banks  stated  in  an  interview  in  tlie  OHeago 
Triune  ot  May  14,  1911: 

We  ha,ve  never  had  a  complaint  or  error  from  tliis  (i7st«m.  Th«ro  are  abaolately 
no  two  tbumbs  alike,  and  &o  tliumb-print  mark  is  an  abetdato  identiBcadon.  We 
have  had  complaints  over  eignaturcB,  but  never  over  thumb  prints.  Hen  have 
claimed  that  they  did  not  sign  withdrawsl  elipa,  but  no  one  baa  ever  denied  bis  thumb 
mark. 

It  is  well  known  that  the  honor  of  having  developed  the  system 
of  finger  prints  and  placing  it  on  a  scientific  basis  is  due  to  Sir  Francis 
Galton,  explorer  and  scientist,  bom  at  Binningham,  England,  Feb- 
ruary 16,  1S22,  and  who  died  in  London  in  January,  Idll.  The 
results  of  bis  studies  are  contained  in  two  books.  Finger  Prints 
(London,  1832)  and  Finger  Print  Directories  (London,  1895).  * 
The  system  is  based  on  two  observations — the  widely  varying,  indi- 
vidual character  of  tlie  finger  marks  (in  Galton's  words:  "It  is 
probable  tliat  no  two  finger  prints  in  the  whole  world  are  so  alike 
that  an  e3q)ert  would  fail  to  distangimh  between  them")  and  the 
peimstenoy  of  the  form  of  the  marks  in  the  same  individual  from 
childhood  to  old  age.  Qalton  comments  on  the  Utter  point  as 
follows: 

As  Qiere  is  no  sign,  except  in  one  case,  of  change  during  any  of  these  four  interrals 
whidi  together  almost  wholly  cover  the  ordinary  life  of  man  (boyhood,  eaily  roan- 
hood,  ndddle  age,  eztieme  old  age),  we  are  justified  in  inferring  that  between  birth 
and  death  there  is  absolutely  no  chaoge  in,  say,  699  out  of  700  trf  the  numerous  char- 
acteristics of  the  markings  <^  the  fingen  of  the  same  pereon  such  as  can  be  impiwsed 
by  him  wherever  it  is  desirable  to  do  bo.  Neither  can  theie  be  any  chat^  after 
detlh  up  to  the  time  vhen  the  akin  perisheB  through  decomposition:  for  example, 
the  marka  on  the  fingers  of  many  Egyptian  mummiee  and  on  the  paws  of  atuSed 
monteyB  still  remain  legible.  Very  good  evidence  and  careful  inquiry  is  thus  seen 
to  justify  the  popular  idea  of  the  peisistence  of  finger  marking.  Here  appear  to 
be  no  bodily  characteristics  other  titan  deep  scan  and  tattoo  marks  companfale  in 
their  persistence  to  these  marking;  at  the  same  time  they  are  out  of  all  proportion 
more  numerous  than  any  other  measuieable  features.  The  dimearions  of  the  limba 
and  body  alter  in  the  course  of  growth  and  decay;  the  color,  quantity,  and  quality 
of  the  hiJr,  the  tint  and  quality  of  the  akin,  the  number  and  set  of  the  teeth,  the  espres- 
sion  of  the  featorea,  the  geeturea,  the  huidwriting,  even  the  eye  color,  change  after 
many  years.  There  seems  no  persistence  in  flie  visibte  parts  of  the  body  except  in 
these  minute  and  hitherto  disiegaided  ridgee. 

The  permanency  of  the  finger  marks  certainly  refers  to  the  features 
of  the  design,  especially  the  character  of  the  ridges,  but  not  to  their 
measurements,  which  are  subject  to  the  same  general  changes  asso- 
ciated with  the  growth  of  the  body.    Galton  himself  admits  his  great 

'OfbJ«rbonk3nnth»»nbl«et.a.».HwaT,aiH1wtfcinanilDMio(HiHWfitate,3d>dltlon.LondBn. 
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indebtednees  to  Sir  William  J.  Herschel,'  and  from  him  he  appears  to 
have  received  the  first  impetus  for  an  investigation  of -this  subject. 
Galton'B  attention  was  first  drawn  to  it  in  1888  when  preparing  a 
lecture  on  Petsonal  Identification  for  the  Royal  Institution,  which 
had  tcrt  its  principal  object  an  account  of  the  anthropometrio  method 
of  BertillOQ.  "'noshing  to  treat  the  subject  generally,"  he  says, 
"and  having  a  v^ue  knowledge  of  the  value  sometimes  assigned  to 
fingw  marks,  I  made  inquiries,  and  was  surprised  to  find  both  how 
much  had  been  done,  and  how  much  there  remained  to  do  before 
establishing  their  theoretical  value  and  practical  utility."*  This 
confession  implies  that  Galton  did  not  discover  the  idea  hims^,  but 
derived  it  from,  and  rcdied  solely  on,  his  predecessors,  chiefly  Herschel, 
who,  moreoveT,  can  not  claim  that  the  idea  waa  wholly  his  own. 

Tfais  method  of  identification  had  been  su^ested  to  Sir  ^ViUiam 
Herached  by  two  contracts  in  Bengali,  dated  18S8.  "It  was  so  difficult 
to  obtain  credence  to  the  signatures  of  the  natives  that  he  thou^t 
he  would  use  the  signatures  of  the  hand  it«elf ,  t^efiy  with  the  inten- 
tion of  frightening  the  men  who  made  it  from  afterwards  denying  his 
formal  act.  However,  the  impression  proved  so  good  that  Sir  "Wil- 
liam HerBchet  becune  convinced  that  the  same  method  might  be 
further  utilized.  He  finally  introduced  the  uaa  of  finger  prints  in 
several  departments  at  Hooghly  (in  Bengal)  in  1877,  after  17  years' 
experience  of  the  value  of  t^e  evidence  they  afforded.  A  too  brief 
account  of  his  work  was  given  by  him  in  Nature,  volume  23,  p^e  23 
(Nov.  26,  1880).  In  1877  he  submitted  a  report  in  semiofficial  form 
to  the  Inspector  Oeneral  of  Gaols,  asking  to  be  allowed  to  extend  the 
process;  but  no  result  followed."  "If  tfis  use  of  filler  prints  ever 
beeomee  of  general  importance,"  remarks  Galton,  "Sir  William  Her- 
s^el  must  be  r^^aided  as  ihe  first  who  devised  a  feasible  method 
for  r^ular  use  and  afterwards  officially  adopted  it."* 

It  is  difficult  to  believe  that  Herschel,  stationed  in  India,  should 
have  conjured  up,  entirely  from  his  own  resouroee,  a  system  which 
had  been  known  and  applied  in  t^e  East  t^es  before  his  time.  Had 
he  designed  it  in  his  home  study  in  England,  the  matter  might  be 
looked  upon  in  a  different  light.  But  be  resided  at  Calcutta,  where 
a  laige  colony  of  Cihinese  had  been  settled  for  a  long  time,  and  if  a 
Euit^an,  living  in  the  Orient  in  close  official  and  private  relationa 
with  its  people,  conceives  an  idea  i^ch  seems  to  belong  to  his  very 
surroundings,  it  would  be  propw  to  credit  his  eaviromnent  with  its 
due  share  in  shaping  that  idea.  The  man  laboring  on  his  "invention" 
for  yeus  may  easily  fo^et  this  first  impetus.     It  matters  Uttle 

I  FiDtu  FrlDU.   London,  1881,  p.  4.   Htrachel  vu  bom  Id  1S33  and  «D|lccd  In  Uw  ClTll  Seirlce  «l 
lodti  turn  1BE3  to  1818. 
•  IbW.,  p.  3. 
■  Compan Oelnn,  TbtKTibaa,p.a. 
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also  whether  or  not  he  himaelf  is  conacious  of  outward  iofluracefi ;  the 
cool  and  impartial  historian,  iu  the  light  of  obeerred  facts,  can  reach 
no  other  eoocluaion  than  that  Heraohel  must  have  conceived  his 
idea  from  obserrations  of  similar  affairs  made  on  the  spot.  A  umilar 
judgment  was  early  rendered  by  a  writer  in  the  NinteetUh  Genhiry 
(lSd4,  p.  365)  who  championed  the  cause  of  the  Chinese  in  the  priority 
of  the  finger-print  system.  Herechel  himself,  however,  wad  of  a 
different  opinion  and  indignantly  rejected  such  a  point  of  view. 

In  a  letter  addressed  to  Nature  (vol.  51,  1894,  p.  77)  Herschel 
claimed  for  himself  that  "he  chanced  upon  finger  prints"  in  ISSS  and 
followed  it  up  afterwards,  and  that  he  plaoed  all  his  materials  at  the 
disposal  of  Galton.  While  vindicating  the  honor  of  the  inrmtion  for 
himself,  he  at  the  same  time  deprecated  "as  being  to  the  best  of  his 
knowledge  wholly  unproved  the  assertion  that  the  use  of  finger  maAs 
in  this  way  was  origin^y  invented  by  the  Chinese. "  "I  hare  met 
no  evidence,"  he  continues,  "whioh  goes  anywhere  near  substantiat' 
ing  this.  As  a  matter  of  fact,  I  exhibited  the  system  to  many  pas- 
sengers and  officers  of  the  F.  and  O.  steamship  Mongolia  in  ^e  Indian 
Ocean  during  her  outward  voyage  in  February,  1877,  and  I  have  the 
finger  prints  of  her  obtain,  and  of  all  those  persons,  with  their 
names.  It  is  likely  enough  that  the  idea,  which  caught  on  r^idly 
among  the  passengers,  may  have  found  a  settlement  in  pome  Chinese 
port  by  this  route,  and  have  there  taken  a  practical  form;  but 
whethw  that  be  so  or  not,  I  must  protest  against  the  vague  claim 
made  on  behalf  of  the  Chinese  until  satisfactiwy  evidence  of  antiquity 
is  produced." 

The  notion  here  expressed  by  Herschel  that  his  tiiought  might  have 
spread  to  some  Chinese  port  is,  to  say  the  least,  somewhat  neJv^  and 
the  fact  remains  that  the  use  of  fii^r  prints  is  well  authenticated  in 
China  long  before  his  lifetime.  The  gauntlet  brusquely  thrown  down 
by  him  was  soon  taken  up  by  two  scholars — a  Japanese,  }ix.  Kuma- 
gusu  Mina^ta,'  and  the  always  combative  Prof.  G.  Schlegel,*  of 
Leiden.  Both  were  actuated  by  the  sincere  intoition  of  furnishing 
proof  of  the  antiquity  of  the  method  of  finger  prints  in  China  and 
Japan ;  but  both  failed  in  this  attempt  for  lade  of  proper  understand- 
ing of  what  the  finger-print  system  really  is.  Both  confused  with  the 
latter  the  hand  stamp;  that  is,  a  slight  impression  taken  from  the 
palm.  These  are  Nitirely  different  affairs,  and  in  view  of  the  general 
knowledge  now  existing  in  regard  to  the  significance  and  effecte  of 
finger  prints  it  is  needless  to  emphasize  the  fact  thalt  a  mere  imprea- 
eion  of  the  palm  can  never  lead  to  the  identification  of  an  individual, 
which  is  of  first  importance  in  finger  prints.  The  entire  aigunicnt  of 
Schlegel  is  restrict«l  to  two  references  occurring  in  his  Dutch-CSlinese 
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Dictumary,  one  pertaining  to  bUb  of  diVoroe  vbich  Are  authenticated 
by  a  print  of  the  hand  of  the  husband,  and  the  phraae  la  «Aou  yin, 
"to  produce  a  hand  leal";  that  is,  to  make  an  impreBs  -with  the 
blackued  palm.* 

The  Chinese  origin  of  the  finger-print  system  has  been  upheld  by 
seiTeral  writers  on  the  subject.*  The  correspondent  of  the  Evening 
Po«f  quoted  at  the  beginning  of  this  paper  said:  "As  a  matter  of  fact, 
it  is  one  of  those  cherished  western  mstitutions  that  the  Chinese  have 
cabnly  claimed  for  their  own,  and  those  who  doubt  this  may  be  con- 
vinced by  actual  history,  showing  it  to  have  been  employed  in  the 
pohoe  courts  of  British  India  for  a  generation  or  so  back."  In  1908 
Prof.  Oilea,*  the  well-known  sinologue,  wrote:  "It  should  alwa3rft  be 
nimflmb«red  that  the  wondofol  systeaii  of  identification  by  fingw 
printB  was  bcarowed  straight  from  China,  where  it  has  been  in  vogue 
for  many  centunM."  But  this  "straight  fnmi  China"  is  the  rery 
difficult  point  in  the  matter.  While  the  chronological  priority  of  the 
Oiineae  in  the  practice  of  finger  prints  may  be  satisfactorily  estab- 
lished, there  is  no  evidence  to  show  that  Herschel  received  a  stimulus 
directly  from  Chiaa,  nor  that  the  people  of  India,  from  whom  Herschel 
may  well  have  borrowed  the  idea,  were  ever  influenced  in  this  direo- 
tion  by  the  Chinese.  As  a  matter  of  principle  it  should  be  stated  that 
it  is  most  unlikely  that  a  complex  series  of  ideas  as  presented  by  the 
finger-print  process  was  several  times  evolved  by  different  nations 

1  It  iliinild  not  b«  roppcasd  thai  thli  h  a  Mnumn  ChlUBM  pnetloo.  II  ni*y  b«  k  local  cuitom  or  wMch 
llnlligril  hoBil  ta  AmnTor  Iti  Tlebiltr,  wberalu  dgrtrod  bla  knmrlcdee.  "nie  CUdbmi  nuirbga  uid  dtrona 
iMn  (doii^i.  p.  Hoani,  Le  marlita  oUuta  la  potat  d*  to*  Ufiil,  a>^"(*"t,  IBH)  auka  o»  ntetaoa  to 
■UQh  prooadnn.  1.  DooUttla  (Sootel  LUa  of  tbs  Chbuaa,  Laadon,  l§t8,  p.  TE)  has  the  lailawliic;  "It  Is 
d,lDsMiis>blUDrdIviirc«mciit  to  bta  wUb,  to  do  It  1b  tlie  pmenssofui 
irltuMtnwiiartoiBikaltlit*).  Ht  dcca  tt  on  liia  awn  aiBlioiltruid  M 
la  Dlrai  vilttaa  Id  tlu  pnagnoo  ol  bar  paients  and  In  theli  boaae.  Very  Inr  dln>ra« 
oaanr  In  China."  In  ■  nBcmt  woife  (Dr.  L.  WHfBt^  Uonl  Temta  and  Cmtonti  In  China.  Ttila  In 
CUiuM,  tniHlitwI  and  unMMtd  br  L.  DaviMt,  H»U*D4n,  iBU.oi  pMa  <ippadtop.i«)l*Ul>Mnt«d 
a  dlTora  blU  itampid  «lth  the  hand  and  fooC  or  th*  husband  In  blank  Ink.  It  la  nmarkcd  In  the  text 
•omaHmMiiaalliiaH^.UiBttbapapsr  mmld  balnialld  wllhoatBUiih  B 
ItMMIlaB  tka  danmat  tlraa  irtinpH  prora  the  dlnra. 
if  "Ptnga  Prints,"  which  ueata  oI  the  previous  use  or  them,  Qallon  relsra 
agta  t«nd  on  anoimt  pottary,  aa  on  Roman  tflea.  These  nail  maria,  used 
gnamentaUr  b7  potten,  «vw'>>l7  to  PiVbliiacle  paus7,  ai«  «M  knon  to  evKT  anheolotM,  bat  tb>y 
move  on  a  Une  In  payohokicloal  aod  technical  tegard  entlrelf  dfffarenc  bom  the  fiu(er-pitat  ayitem  and 
oeo  not  bf  tBf  wmm  be  oonneoted  with  tts  hMoty,  aa  Qalton  fnollniB  to  eitablhh.  Thua  also  ChB  coin 
el  lb*  T'aac  4]rBaitT,  "bearti^  a  nan  iMcfc  ol  the  Eavten  Wan-ta  In  raUiI"  and  l(iirad  by  Oriton,  doaa 
not  bMong  at  lU  to  thfa  oatagorr.  The  Chlnesa  wocki  oo  numlsDutlca  (a.  t-,  flMlnr  (s'lm  {a,  ob.  U, 
p.  1,  ch.  IS,  p.  H>  explata  tUa  maife  ooouRlng  on  many  IMUM  ol  the  Tans  and  mot  dyiiMtlai-^qwnntlr 
lt«ai«&«fanilnt-WBplat|]i«ottlia«NMBitiilltiam(Kin.  Handooek(HcaqwtamlBoAnhwliifr,Lcn- 
don,  1913,  p.  S3)  has  an  alluakia  lo  "flUEar-marked  brloka"  of  the  Sm^od  period.  This  vague  bint,  bom 
whkh  tvlntBNncewhatararaitotbeuaeortlicae  marks  for  Uantlflilatlan  nan  be  drawn,  baa  led  aatiay  a 
welMDiowtt  eerplokiflat  lata  praolalmlnc  the  origto  ol  the  Inrantkin  or  floger  prints  In  Babylonia,  but  aa 
tUa  atatemaot  iqipeand  only  In  aamatlomi  naw^mper  nportii  I  i^rain  from  dlaounlng  It  Ffncer  marks 
may  natiDilly  arise  anywhere  wbenpotttn  handle  bridt*  or  Jan,  bat  enry  aipart  In  flngar  prtntB  wm  agrM 
«ltkBWtbatUHaaan»>atpMttoWi«tONDderaanaBriaBalDridaUbMlDa  ' 
tmpTtaakia  tnoiay  prmvpoMs  a  wHUul  and  enaqMlo  tMfcoi,  wh&a  the  potter  la 


of  iHiatnar  Und  oeenrrtaf '°P>>*i'7  ^  ■■Tpart  of  the  w 
Boh  marks  have  actually  Hrrad  br  tfa 
>  AdvMarIa  SWoa,  No.  a,  p.  la. 
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independently.  If  there  is  one  thing  that  we  know  surely,  it  is  the  fact 
of  the  scarcity  of  ori^al  ideas  among  mankind,  which  may  stand  in 
relation  to  reproduced  ideas  as  1:100.  The  fact  remains  that,  how- 
ever simple  and  self-evident  the  system  may  now  look  to  us,  iha  most 
advanced  civilized  nations  have  never  hit  upon  it,  that  no  ta-ace  of  it 
can  be  discovered  among  Egyptians  or  Babylonians,  Greeks  or  Ro- 
mans, and  that  its  so  very  recent  adoption  into  our  culture,  after  pro- 
longed contact  witJi  east-Asiatic  nations,  is  in  itself  auspicioas  of  a 
derivation  from  a  foreign  source.  The  hypothesis,  therefore,  seeniB 
to  be  justified  that  Chinese  immigrants  into  India  may  have  carried 
the  idea  over,  or  that  the  long  religious  and  commercial  interoouise 
between  the  two  countries  may  be  reeponsible  for  the  transmission. 
It  is  out  of  the  question  to  assume  ibe  reverse  course  of  events,  tor 
the  application  of  finger  prints  in  China  is  c£  great  antiquity,  cfran 
greater  than  ever  suspected  heretofore,  while  nothing  of  the  kind  caik 
be  proved  for  its  antiquity  in  India. 

At  aU  events  it  seems  certain  that  finger  impressions  were  known 
in  India  prior  to  the  time  of  Herschel.  George  A.  Grieraon,'  one  of  the 
best  connoisseurs  of  modem  Hindu  life,  in  describing  the  ceremonies  at 
the  birth  of  a  child,  mentions  the  fact  that  the  midwife,  using  red  lead, 
makes  a  finger  print  on  the  wall,  with  the  intention  of  hastening 
delivery.  It  is  hard  to  imagine  that  this  magical  conception  of  the 
finger  print,  which  is  an  ingredient  of  indigenous  folklore,  should  be 
credited  to  the  discovery  of  Hemohel.  There  are,  further,  good 
reasons  to  presume  that  the  marks  on  the  finger  bulbs  were  familiar 
to  the  Indian  system  of  palmistry.  I  recently  had  occasion  to  study 
an  ancient  Sanskrit  treatise  on  painting,  the  Citralakshana,'  whidi 
is  preserved  in  a  Tibetan  translation  embodied  in  the  Tanjur.  One 
chapter  of  this  work  is  taken  up  with  a  detailed  description  of  tha 
physical  qualities  of  the  Cakravartin,  the  wheel-turning  king,  the 
hero  and  racial  ideal  who  formed  the  principal  object  of  ancient 
painting.  The  majority  of  the  marks  of  beauty  attributed  to  him 
are  derived  from  the  rules  of  physiognomy,  a  system  reaching  back 
to  remote  times;  some  of  theee  mar^,  by  way  of  comparison  of  the 
Sanskrit  with  the  old  Persian  terms,  ore  traceable  to  the  Aryan 
period  when  the  Iranians  and  Indians  still  formed  a  united'stock  <si 
peoples.  The  interpretation  of  prominent  physical  qualities,  as  lud 
down  by  the  physiognomists,  led  to  artistic  attempts  of  portray^, 
and  for  this  reason  I  was  induced  to  study,  in  connection  with  the 
Citndaksbana,  two  Indian  treatises  on  physiognomy  cont-ained  like- 
wise in  the  Tibetan  Tanjur,  with  the  result  that  tlie  terxainology  of 
physiognomy  and  art  theory  are  identical,  and  that  the  rules  of  the 
painter  closely  follow  in  the  trail  of  the  physiognomist  and  palmist. 
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It  would  lead  too  far  away  from  our  subject  proper  to  enter  into  the 
manifold  details  of  t^tua  quaint  art,  but  the  priiicq)al  points  lelatiag 
to  tiie  fingers  may  be  insisted  upon.  It  is  said  in  the  SftmudravyaA- 
janani,  one  of  the  works  on  phyait^nomy,  that  a  wontas,  if  the  marks 
on  her  fingers  are  turned  toward  the  nght>Iiand  aide  will  obtain  a  son, 
but  if  turned  toward  the  1^,  a  daughter  will  be  bom.'  The  Indian 
painter  paid  minute  attention  to  the  hand,  the  fingers,  and  their 
lines.  In  the  above-mentioned  manual  of  painting,  their  measure- 
ments, inclusive  of  those  of  the  ball  of  the  thumb,  are  oonscientiouslj 
given.'  A  peculiu"  term  of  Indian  cheiromancy  is  yova  Oil.  a  bar^y- 
coro),  explained  by  Monnier.  Williams  in  his  Sanslcrit  Dictionitry  as 
"a  figure  or  mark  on  the  hand  resembling  a  barleycorn,  a  natural 
line  across  the  tiiumb  at  the  second  joint  aompared  to  a  grain  of 
bariey  and  supposed  to  indicate  good  fortune."  In  all  probability, 
thia  term  refers  also  to  the  marks  on  the  finger  t^>B,  and  thca:e  is 
further  the  Sanskrit  word  tmgvil/imudra.QU.  finger  seal)  used  in  the 
sense  of  finger  prmt  and  exactly  corresponding  to  the  Chinaee  term 
chi  yin  Gikewise  finger  seal)  of  the  same  siguifioanoa.' 

An  interesting  ease,  though  not  directly  bearing  on  our  subject, 
may  here  be  mentioned: 

Hdan  Tsang,  the  famous  Chinese  traveler  to  India,  in  the  serenth 
century,  relates  &  story  in  regard  to  the  kii^  of  TakshapilA  in  lodia 
who  availed  himself  of  his  tooth  inq>ression  stamped  in  red  wax  oa 
official  documents.  In  giving  instructions  to  his  son,  the  king  said: 
"The  affairs  of  a  country  are  of  serious  importance;  the  feelings  of 
men  are  coutradietory;  undertake  nothing  rashly,  so  as  to  endanger 
your  authority ;  verify  the  orders  sent  yeu ;  my  seal  is  the  impression 
of  my  teeth;  here  in  my  moutii  is  my  seal.  There  can  be  no  mis- 
take." *  Only  one  analogy  to  this  curious  custom  is  known  to  me. 
In  a  charter  of  Sing  Athelstao  of  Northumberland  it  is  said: 
And  (or  »  certen  truth 
I  bite  thik  mz  wiUi  my  gug^tooth.* 

■  Lauler,  DokumeiiU,  e( 
>Tbld.,IIp'  I83i  IM. 

■  At  Oie  pcawil  Uma  Ii  .  _ 
system  Is  made.  It  has  been  adopl«d  iSave  laM  b;  the  Director  OoMral  ot  tlia  PoM  01 
thaevtnionndiaiiInlaiulM(iii«7  0rda«.fvexvnpls,ltlaptt>tadt  "8lpwtim(Infcik}i4iiVM«ranHb 
Impc^ilan  If  i»f »  la  ailurate."  In  many  otlier  dtptftDMQU  ol  forcnunmit  (t  hu  prored  an  eOWmt 
metbad  ol  provcntbg  perjury  mi  pencnaUoa.  No  otijactlon  can  b«  raised  on  the  ground  of  reUglini  or 
(Bit«,  10  tlkeretoDapndudloetetMDnramalnobtatDtactlwSiicwprkit  TtuOoTCcnSHathMtMaiw 
lull;  cnnvfaiced  ol  tlie  eflecllveness  at  tb<  new  ijslem,  and  ol  ths  oertatnty  ot  the  nsulti  a  yields,  Ott 
the  Indbn  Leglalanira  has  passed  a  ipecbl  act  amending  the  law  ot  aiidance  to  the  extoit  ot  declaiint 
relevant  the  tratlmonr  ot  thoH  who  b?  nody  have  beoome  proflolmt  In  anger-i^tnt  dedptumoit.  In  tfl 
legbtraUm  ofBces,  perrans  wluj,  admitting  eieoitkiti,  present  doonments  tor  regtatratlon,  are  required  to 
onthentlcste  theEr  IdentlCr  by  afflifaig  the  tmprasslcin  ol  thslr  left  thumb  both  on  the  docammt  and  hi  a 
isobar  kept  tor  the  purpcoe.  (Compare  E.  R.  Hsniy,  ClanlOoatian  and  Uses  ot  Flncer  Prtnte,  London, 
1«B,  pp.  6-B.) 

•  a.  Bool,  Buddhist  Reoords  ot  the  Western  World,  Vol.  I,  p.  1«.  St.  JuUsn,  lUmofrea  rar  ka  cooMw 
otddentala.  Vol.  I,  p.  IX. 

•  rmUare,  vol.  II,  UCM,  p.  MI. 
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While  it  is  likely  that  the  people  of  anoieat  India  irare  familiar  witb 
the  atrae  oa  the  &agBc  tips,  there  is,  however,  no  eridenoe  whatever  that 
Soger  impreesions  wera  employed  to  establish  tiie  identity  of  a  pOTson. 
No  mentiaQ  of  finger  prints  is  made  in  the  ancient  Indian  law  bot^cs. 
The  Bignature  of  an  individual  was  &  recogniaed  institution  of  law 
and  a  requirement  in  all  oontracte.  The  debtor  was  obliged  to  sign 
his  name  at  the  close  of  the  bond,  and  to  add :  "  I,  the  son  of  such  and 
mtAi  a  one,  agree  to  the  above."  Then  came  the  witneases  ugning 
their  name  and  tiiat  of  their  father,  with  the  remark:  "I,  so  and  so, 
am  witness  thereof."  The  scribe  finally  added:  "The  above  has 
been  written  by  me,  so  and  so,  the  son  of  so  and  so,  at  the  request  of 
both  parties."  An  illiterate  debtor  or  witness  was  allowed  to  have  a 
substitute  write  for  him.  A  note  of  hand  written  by  the  debtor 
himself  was  also  valid  without  the  signatures  of  witnesses,  provided 
there  was  no  oompukion,  fraud,  bribery,  or  enmity  oonneoted  with 
the  operation.  The  cleverness  of  foi^rs  is  pointed  out,  and  the 
neeessity  of  comparison  of  handwritiiigs  and  oonsoientious  examina- 
tion of  documents  are  insisted  on.* 

Besides  the  docutnents  pertaining  to  juivatfl  low,  there  were 
public  or  royal  deeds,  among  which  those  relating  to  foundations, 
grsnte  of  land  to  subjects  as  matlcs  of  royal  favor,  took  a  prominent 
place.  They  were  written  on  copper  plates  or  cotton  doth,  and  the 
n^al  seal  {mudrSi  was  attached  to  them,  a  neceesaiy  act  to  legaUxe 
tbe  doeament.  He  forgeiy  of  a  deed  was  looked  upon  as  a  capital 
crime,  in  the  same  way  as  in  China.  The  seals  represented  an  animal 
like  a  boar  or  the  mythical  bird  Oaru^a.  It  is  thus  shown  by  the 
hgel  jHwstice  in  ancient  India  that  there  was  no  occasion  in  it  for 
the  use  of  finger  prints,  and  it  appears  that  the  significanos  of  the 
latter  was  reoogniaed  only  in  palmistry  and  magic* 

In  recent  times  the  finger-print  system  has  been  employed  in 
China  only  in  two  cases,  st  the  reception  of  foundling  in  the  found- 
ling asylums  and  in  the  signing  of  contracts  on  the  part  of  illiterate 
people.  In  regard  to  the  former  mode  we  owe  valuable  information 
to  F.  !ffirth,'  who  has  made  a  study  of  the  regulations  of  Chinese 
benevolent  institutions.*  The  foundling  asylums  establiflhed  in  aU 
la^e  cities  receive  orphan  children,  forsaken  babies,  or  any  others 
sent  to  them.    These  are  placed  by  their  relatives  in  a  sliding  drawer 
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transferB  the  litUe  one  to  the  care  of  the  matron.  Eveiy  infant  is 
suhjeoted  to  a  m^hod  by  which  its  id«itity  ia  permanently  placed 
on  record.  Sex  and  age  are  entered  on  a  regiBter.  If  the  aga  cui 
not  h6  made  out — it  may  be  inferred,  for  example,  from  the  style 
of  clothing  Taiying  from  year  to  year — the  time  of  the  reception  into 
the  aeyhim  acoording  to  year,  month,  day,  and  hour  is  noted.  I^mi 
folloivB  a  deeciiptiott  of  bodUy  qualities,  indudii^  remai^  on  the 
extremities,  formation  of  the  skull,  crown  of  the  head,  birthmarks, 
and  design  on  the  finger  tips,  for  later  identification.  Emphasis  is 
laid  on  the  latter,  for  each  Chinese  mother  is  familiar  with  the  finger 
marJEB  of  her  new  bom,  and  as  there  is  a  high  d^re&  of  probability 
that  a  baby  temporarily  placed  in  the  care  of  the  asylum  owing  to 
distrsBsed  circumstances  of  the  family  will  be  daimed  at  a  latw 
time,  this  identification  system  is  carefully  kept  up.  The  Chinese 
seem  to  be  acquainted  with  the  essential  characteristics  of  finger 
marks.  What  in  the  technical  lai^age  of  our  system  is  called 
"ardies"  and  "whorls"  is  styled  by  them  lo  "snail,"  and  our 
"loops"  are  designated  H  "sieve,"  "winnowing-basket." '  The 
former  are  popularly  looked  upon  as  foreboding  of  luck. 

Deeds  of  sale  are  sometimes  signed  with  a  finger  print  by  the 
negotiating  party.  We  reproduce  (pi.  1.)  such  a  document  after  Th.  T. 
Meadows  *  in  preference  to  any  other  of  recent  date  because  this 
deed,  executed  and  dated  in  IS30,  furoiahes  actual  evidence  of  the 
use  of  an  individual  finger  impression  in  China  before  the  ey^t^  was 
developed  in  Europe.  The  transaction  in  question  is  the  disposal 
of  a  plot  of  cultivated  land  for  which  a  sum  of  64  taels  and  6  mace  was 
paid.  The  receipt  of  Hie  full  value  of  this  amount  is  acknowledged 
by  the  head  of  the  famify  selling  the  land;  in  this  case  the  mother  n^ 
C9i'8n  whose  finger  print  ia  headed  by  the  words  "Impression  of  the 
finger  of  the  mother  n^  Ch'dn."  It  is  evident  that  Mrs.  Ch'Sn  was 
uaable  to  write  and  affixed  her  finger  print  in  lieu  of  her  name.  Sir 
Francis  Oalton*  comments  on  this  finger  print  in  the  words;  "The 
impresnon,  as  it  appears  in  the  woodcut,  is  roundish  in  outline,  and 
was  therefore  made  hy  the  tip  and  not  the  bulb  of  the  finger.  Its 
surface  is  somewhat  mottled,  but  there  is  no  trace  of  any  ridges." 

'  A  brief  DomeDClature  pertabiliiK  to  Ongai  pTlnta  ma;  hare  be  given.  The  nnmberi  hi  pnrgnthesaa 
nfa  to  Olln' ChhWB-Ea^lih  DlctkMur;  (3d  edition).  Laatml^o.  TKl.UI.  nat-iistlwa),  "thebniiraa 
ot  Rflngtr,  hsad,  or  loot,  d^^ped  Id  ink  and  appended  aa  adgnattue  to  an;  kind  of  deed  or  oOkt  legal  butn- 
BiDt."  CU  fin  (So.  tXKl,  Hi.  flngar-oaal),  "atii  on  daeda,  elf.,  made  hj  dtppbiK  the  tUigK  or  hand  tn 
Ink  and  pmaahig  It  on  paper,"  Haa  Icwtg  (Ko,  S7J3),  "to  ilgn  <Ria^  deposition,  nanallf  by  dipping  the 
thumb  In  Ink  and  mofcln;  an  hnpreaslon  of  it  on  the  paper."  Uokkltim  (No.  IS1S3),  "lo  verll;Uie  Unea 
on  a  man's  nngirt,  In  connection  with  the Imptaalon  on  a  daaJ,  tta."  V'iirtber,cUino(No.8()M),  "flnger- 
pattani"and  Jkua|ia(lft.  to  paint,  L  s.,toinkand)»eeadovD)aieazpra«kinalntbaaBiuaDloiirslgnBtiiR; 
kao  eU  (No.  ITtl),  "to  make  a  fingerprint,  as  a  ilpwMra";  <U}«i  (IM.),  "to  Ideotilr." 

•  Land  Taoure  bi  Cbtea  (  mmncttMU  pf  Ot  CMm  BnnA  tf  On  Barat  Atkth  Saeiitr,  Hgacksng, 
lS«,p.U). 

•  giofft  Pilnta,  London,  1891,  p.  34. 
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In  all  coutracte  of  civil  law  Chineee  cuBtom  demaiida  the  auto- 
grf^hic  signatures  of  the  contracting  parties,  the  middlemen,  and 
the  witnesses.'  Also  the  writer  of  ^e  bond  is  obliged  to  eign  his 
name  at  the  end  with  the  tide  fen  jai  ("writing  for  another").  If  the 
seller  write  the  contract  out  ia  person,  he  should  sign  again  at  the 
end,  with  the  addition  Ue  pi  ("self-written")-  As  the  number  of 
tiiose  able  to  write  ia  very  large,  and  as  even  those  who  have  an  imper- 
fect or  no  knowledge  of  writing  are  at  least  able  to  write  their  names, 
it  will  be  Been  that  there  is  little  occasion  for  the  employment  of 
finger  prints  in  such  Contracts.  Prof.  Giles '  statm  that  title  deads 
and  other  legal  instruments  are  still  often  found  to  bear,  in  addition 
to  signatures,  the  finger  prints  of  the  parties  conoemed ;  sometimes, 
indeed,  the  imprint  of  the  whole  hand.  This  would  indicate  a  sui^ 
vival  of  the  originally  magical  and  ritualistic  character  of  the  custom. 

From  the  fact  that  the  signature  has  little  or  hardly  any  legal 
inq>ortance,  it  follows  that  the  forgery  of  a  ugnature  does  not  fall 
under  the  provisions  of  the  Ffflial  Code.  The  Code  of  the  Manohu 
dynasty  provided  only  for  the  forging  of  imperial  edicta  and  offitnal 
seals  with  intent  to  defraud,  and  punkhed  these.as  capital  crimes.' 
■^  In  plates  2  and  3  a  Tibetan  document  written  in  the  running  hand 
is  reproduced.  It  is  a  promissory  note  signed  by  the  debtor  with  the 
impressions  from  the  balls  of  both  his  thumbs.  The  Tibetans  have 
apparently  derived  the  practice  from  the  neighboring  Chinese;  thwe 
is  UtUe  probability,  at  least,  tiiat,  to  speak  with  Hersdiel,  "a  pas- 
senger of  the  MongoUa"  may  have  carried  the  suggestion  to  Tibet. 
The  language  of  the  l^betans  proves  that  this  procedure  is  an  old 
affair  with  them,  for  a  seal  or  stamp  is  called  t'&^mo,  which  is  derived 
from,  or  identical  with,  the  word  t'e-bo,  "thumb."  3arat  Chandra 
Pas  in  his  Tibetan-English  Dictionary  justly  says  that  the  vord 
t'e-^mo  originally  means  the  thumb  or  thumb  impresmon.  We  may 
hence  infer  that  the  thumb  print  was  the  first  mode  of  signature  of 
the  Tibetans,  in  vogue  prior  to  the  introduction  of  metal  (brass, 
iron,  or  lead)  seals  which  were  named  for  the  thumb  print,  as  they 
were  identical  with  the  latter  in  the  principle  of  utilization.  In  the 
r^ted  language  of  the  Lepcha,  which  has  preserved  a  more' ancient 
condition,  we  find  the  saue  expression  t'e4»u,  "seal,"  and  even  t'e 
e'ung,  "small  seal,"  meaning  at  the  same  time  "little  finger."* 


ja  examplM  ma;  bt  taeii  ia  P.  Ho4Dg,  XoUona  Icctmlqoe*  nir  U  jroivMU  >a  China  t!nc  im 
eoiui  d'HUB  et  de  dwummti  officitii,  '"■'T'a'"'i  ISTt  ( YaiUfy  ttrntiaftfia  No.  11). 

■  Advanaik  Slnlca,  ehatiglul,  1908,  p.  ISt. 

'  0.  Th.  BUuuWd,  Tb  TahiK  L«u  Lea,  bolng  ths  FundammMl  Latn  ■  •  •  of  tba  Ptoil  Cod»  ol 
Cbln»,  Loudon,  lUQ,  Tfs.  382, 3»a.  E.  AUbtwWi,  Nolo  and  Camnuntirki  on  CWin—  Crlmlml  Law, 
loDdon,  UM,  pp.  4S8, 4Sa.  B.  H.  Ctumbalaln  (TUiwi  JajMiUM,  3d  «!.,  USt,  p.  *W  MaMi:  "It  ngmi 
,  odd,«QO)ld<rtii|tliBli]ahMtaamln«hkJiwritlaglsbildln  J^»n,tli*tthaa]iiiitBi*iboiildnf»oeonp)r 
tlu  wme  tmpottut  place  u  tn  tha  Wnt.  The  ual  alpuB  hai  legal  fores,  tha  faniinakai  b«iii|  mad*,  not 
wtth  MaUng  vu,  but  with  TSimaian  hik." 

■  Habnrartng  and  Orttoirsdal,  DlcUooary  ol  the  I«poiia  Lansiuc*,  BsrUii,iaiM,p.Ui. 
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Kot  many  literuy  data  are  available  frith  which  to  trace  the  historj 
of  the  finger-piint  B;yBtem  in  CtnxiB,.  Indeed,  it  is  striking  that  we  do 
not  find  in  anj  author  a  dear  description  of  it  and  its  application! 
The  phTsiciaiK,  in  their  exposition  of  the  anatomy  of  the  human 
body,  do  not  allude  to  it,  and  it  ia  certain  that  it  was  not  anatomical 
or  medical  studies  which  called  it  into  existence.  It  formed  part  of 
the  domain  of  folklore,  but  not  of  scholarly  erudition.  In  a  sodety 
where  learning  was  bo  h%hly  esteemed  and  writing  was  almost  wop- 
shiped  as  a  fetich  Uiere  was  little  chance  for  the  developmmt  of  a 
process  from  which  only  the  ilHterata  dass  could  derive  a  ben^t. 
An  ingenious  system  of  tallies  and  a  h^ily  organized  system  of 
official  and  private  seals  regulated  by  Govenunent  statutes  took  the 
function  of  verification.  The  peraonal  signature  never  had  any  great 
importance  in  public  or  private  transactions,  and  the  style  of  hand- 
writing as  individually  differentiated  in  Qiina  ba  among  us  would 
always  allow  of  a  perfectly  safe  identification.  We  have  most  suo- 
ceasfully  applied  the  finger-print  system  in  two  phases  of  our  social 
life — in  banking  transactions  and  in  the  detection  of  criminals. 
These  two  institutions  move  on  entirely  different  hnes  of  organization 
in  China,  and  for  this  reason  finger  prints  never  were  a  real  necessity 
titere.  The  Chinese  banking  system  does  not  require  any  signature, 
and  could  accordingly  introduce  no  substitute  for  it.  A  bank  in 
China  issues  to  its  depositor  a  pass  book  of  miniature  size  consisting 
of  a  long  continuous  sheet  of  paper  folded  in  pages  and  held  together 
by  two  stiff  blue  covers.  The  entire  book  may,  thwdfore,  be  unfolded 
at  once  and  exhibit  the  credits  and  debits  at  a  glance.  Every  deposit 
is  entered,  with  the  date,  by  a  clerk  of  the  establishment,  and  should 
the  depositor  wish  to  draw  a  sum,  he  carries  or  sends  his  book  to  the 
bank,  which,  on  payment  of  ihe  amount,  charges  it  against  him  by 
entry  in  the  same  book.  There  is  no  check  system.  If  the  customer 
would  make  payment  to  a  third  person,  the  procedure  is  the  same. 
The  draft  system,  which  is  highly  devdoped  in  China,  works  well 
witJiout  a  stroke  of  the  brush  being  involved  on  the  part  of  the  person 
to  whose  credit  the  draft  is  issued.  Mr.  N.  orders  a  draft  from  a 
Peking  bank,  payable  in  tus  name,  at  a  bank  in  Si-ngan  fu.  The 
Peking  house  writes  the  document  out  on  a  rectangular  paper  bill 
containing  the  same  matter  on  the  right  and  left  sides,  one  column 
of  writing  running  exactly  down  the  center.  The  document  is  then 
evenly  divided  into  halves,  the  vertical  column  of  characters  being 
cut  through  in  the  middle.  Mr.  N.  will  receive  the  right  half,  while 
the  left  half  will  be  forwarded  in  the  mail  by  the  Peking  bank  to 
Si-ngan  fu.  On  arrival  there  Mr.  N.  will  present  hia  part  of  the 
document,  which  will  be  carefully  checked  off  with  the  other  half, 
and  if  both  are  found  out  on  dose  examination  to  tally,  the  draft 
will  be  honored,  no  receipt  and  signature  on  the  part  of  Mr.  N.  being 
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required.  The  fact  that  both  halves  of  tiie  draft  are  in  the  hands  of 
the  Si-^igan  fu  banker  i&  legal  proof  for  the  transoedon  having  beMi 
closed.  It  is  easy  to  see  that  tbn  system  is  the  natural  offlhoot  t^ 
the  aiusenC  talhes  in  wood  and  sLetal.  In  regard  to  oiimxiul  pep- 
secution  we  must  remeanber  that  crime  had  never  aaamned  vast  fxo~ 
portions  in  China,  that  deteotion  and  capture  were  comparatively 
easy,  and  that  anything  like  a  oriminal  science  was  not  required  for 
a  patriarchal  orgaoiEatiou  of  govenmient.*  These  are  the  reasons 
why  the  CMneee,  thoi^h  well  acquainted  with  the  character  and 
mgnificance  of  finger  prints,  did  not  derelt^  them  into  a  s^ton; 
why  they  did  not  enter  much  into  the  speculations  of  their  BcholaiB, 
and  why  the  records  conoeming  thnn  am  brief  and  sparse. 

The  poet  Su  Shi  (1036-1101)  avails  himself  metaphorically  ot  the 
ezpreedon  "the  whorls  (snails)  on  the  fingers"  in  the  verse: 

"Ngan,  King  of  Ts'i,  foimd  on  the  bank  of  a  river  a  fine  stone 
veined  like  finger  marks."  ' 

During  the  Sung  period  (960-1278  A.  D.)  finger  prints  were  t^en 
in  wax.  This  fact  is  reported  by  Wang  Fu,  the  author  of  the 
Po  ku  fit  lu,  the  well-known  catalogue  of  anciMit  bronses  first  pub- 
lished in  1107  A.  D.  In  chapter  6,  p.  30,  of  this  woi^,  a  bronze 
wine^up  of  the  Chou  period  is  illustrated,  on  one  side  of  which  four 
large  finger-shaped  grooves  appear,  closely  joined  and  looking  like 
the  fingers  of  a  hand.  Ilie  outhts-  explains  the  presence  of  these 
finger  marks  by  saying  that  the  ancients  feared  to  drop  suoh  a  Teasel 
from  their  hands  and  therefore  held  it  with  a  firm  grip  of  their  fin- 
gers in  these  grooves,  "in  order  to  indicate  that  they  were  carefid  to 
observe  the  rules  of  propriety."  "At  the  present  time,"  Wang  Fu 
concludes,  "fingo-  mar^  are  reproduced  by  means  of  wax,  and  are 
simply  effected  by  }wessing  die  fillers  into  wax." 

Kia  Kung-yen,  an  author  of  the  T'ang  period,  who.  wrote  about  the 
year  660  A.  D.,  makes  a  distinct  allusion  to  filler  inqgeaaionB 
employed  in  his  time  for  purposes  of  identification.  He  oommrats 
on  the  wooden  tallies  used  in  ancient  times  (before  the  inventitHi  of 
rag  paper) — that  is,  a  pair  of  wooden  tablets  oo.  which  the  omtract 
was  inscribed.  Each  of  the  contracting  parties  received  sudi  a 
tablet,  and  notches  were  cut  in  the  side  of  each  tablet  in  identical 
places  so  that  ^e  two  documents  oould  be  matched  and  easily  verified. 

'  In  JapiQ  tt  b  MM  Uw  bntrfnt  of  the  left  thumb  tfirtin  at  bo-hon)  vu  lonnerl;  lakan  exotaJTely 
tnm  ortmbib  (H.  BpOny,  Du  BUmpdmnD  In  Japn,  Mrloh,  IWI,  p.  II;  eomp.  OMMa,  vol.  SL,  Vita, 
p.  1ST).  Bnt  from  tin  wkj  Xb»  nuttar  k  ngmmUA  by  tlUs  sutlnr  it  dots  oot  clsarly  IdWiw  that  tlu 
dntra  Of  idBitlOiiBlJini  WW  ttw  pwiioM  dI  thii  nutbod.  A  erlmlniil,  frhm  pluwd  la  Jail,  vu  gtrlmiai)  of 
Ui  dotUng  ud  nian>r,BDd  tak  tbnmb  l^rniMton  wn  takw,  vtmby  liB  WM  deiKlTsd  of  bk  {<tB  Ti^t& 
Dorim  tbli  tam  h«  tu  sUowM  to  ilgn  dMOniaita  <aij  with  his  thumb,  «]»  the  nnord  ot  hli  trU.  A 
vtnllat,  even  a  oapttal  nntancs,  had  loraiedr  to  be  signed  b;  the  defeaduit  with  the  thumb  {riot 
Thiaa  caen  Indicate  that  the  thDmb  print  wh  tosked  iqran  ki  Japan  as  an  Warkn  ecgt  o[  ilinature;  tt* 
ortminalhadlcMthlipBionilKyandnanHi.andTBatbvefomiot  allowed  lo  um  It  aa  hia  aicnatHie.  Hk 
thumb  print,  whlob  took  the  i^iee  oTlt,  waa  not  In 

>  e'*  wM  |«fl/K,  Oh.  30  B,  p.  CD. 
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In  explaining  tbia  ancient  piBctice  to  hia  countrfmen,  Kia  Kuog- 
yen  remsite:  "The  significaace  ol  Hibbb  notches  is  the  suna  as  that 
of  the  finger  printa  (hua  cki)  of  the  present  time."  Th»  compbriflon 
sufficienUy  shows  that  finger  pzinte  wtre  utiUzed  in  the  age  of  the 
T'ang  dynasty  (6iS-906),  and  not  oniy  this,  but  also  tlwt  it  was 
their  porpoee  to  eetaUish  the  identify  of  a  person.  In  the  same 
manner,  the  author  means  to  say,  as  the  notches  of  the  tallies  serred 
for  the  verification  of  a  contract  concluded  between  two  penons,  ao 
the  finger  prints  on  two  written  contracts  of  the  same  tenor  had  the 
function  of  proTuig  the  identity  of  tbe  contractors.* 

The  existence  of  the  finger  print  system  in  the  T'ang  period  (61S- 
906)  is  confirmed  by  the  contemporaneous  account  of  the  Arabic 
merchant  Soleiman  who  made  several  voyages  to  India  and  China, 
and  left  an  interesting  seriea  of  notes  on  both  countries  written  in 
851  A.  D.  It  has  been  translated  by  M.  Seinaud  (Relation  des  voy- 
ages faits  par  lee  Arabes  et  les  Fersans  dans  I'lnde  et  h  la  Chine, 
Paris,  1845)  where  it  is  said  (Vol.  I,  p.  42):  "The  Chinese  respect 
justice  in  their  transactions  and  in  judicial  proceedings.  When 
anybody  lends  a  sum  of  money  to  uiother,  he  writes  a  bill  to  this 
effect.  The  debtor,  on  his  part,  drafts  a  bill  and  marks  it  with  two 
of  hia  fingers  imited,  the  middle  finger  and  the  index. '  The  two  bills 
are  joined  together  and  folde^,  some  characters  being  written  on  the 
spot  separating  them;  thm,  they  axe  unfolded  and  the  lendwre- 
ceives  the  bill  by  which  the  borrower  acknowledges  hia  debt."  This 
bill  was  legally  recognized  and  served  to  the  creditor  in  the  court  as 
an  instrument  proving  the  validity  of  the  debt.  It  will  be  recog- 
nized that  the  process  described  by  our  Arabic  informant  in  the 
ninth  century  is  identical  with  the  modem  systom  of  bank  drafts,  as 
outlined  above,  except  that  the  finger  prints  of  the  debtor  were 
affixed  to  the  document  in  the  T'ang  period. 

In  r^ard  to  the  prevalence  of  the  finger-print  system  in  China 
during  the  T'ang  period,  K.  Minakawa  has  furnished  a  valuable 
piece  of  information.  C^Oryfi  Katsurakawa,  the  Japanese  antiquary 
(1754-1808),  writes  on  the  subject  as  follows: 

According  to  the  "Domestic  Law"  (Koni),  to  divorce  the  wife  the  htisbuid  muat 
give  her  a  document  etaUng  which  of  the  a&vea  teatoaa  for  divorce  wm  aovigaed  bx 
the  action.  *  *  *  All  lett«n  must  be  in  the  liuHband'ahandwridng,  but  incase 
he  does  not  andentand  how  to  write  he  should  sign  with  a  finger  print.  An  ancient 
commentary  on  this  pAaaage  is:  "In  case  a  ho^and  can  not  write,  let  him  hire  another 
man  to  write  the  docum^t  •  *  *  andafterthehiubaad'snuDe  sign  with  hisown 
index  finger."  Perhaps  this  is  the  first  mentioa  in  Japanese  literatnre  cd  tiie  ftngsr- 
print  method. 

<  Compan  S.  CtiaTiBaa^  L«  Urw  Alaoit  anM  tlnmillai  dn  piplw,  p.  M.  (M&fitatlnim  fmrmtl 
atnatat,  PmU,  1»M.} 
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Tilis"  Domestic  Lmw"  forma  apart  of  tiie"LawB  of  Taihfi,"  enacted 
in  702  A.  D.  With  some  exceptitais,  the  main  points  of  these  laws 
wen  borrowed  from  the  Oiineee  "Laws  of  Yung>hui"  (650-655 
A.  D.) ;  so  it  appears,  in  the  judgment  of  Minakata,  that  the  Chinese 
of  the  serenth  century  had  already  acquired  the  finger-print  method. 

It  is  very  likely  that  the  Chinese  code  of  the  T'ang  dynasty  and 
the  abundant  Chinese  law  literature  will  yield  more  infonnatum 
on  this  question. 

SfAne  writera  have  supposed  on  merely  speoulatiTe  grounds  a 
connection  between  finger  prints  and  palmistry.  Galton  >  remarks 
on  this  point: 

The  European  practitioners  of  palmiBby  and  cheiromancy  do  not  ieem  to 
have  paid  particular  BtMntkm  to  the  ridgm  with  which  we  ai«  concerned.  A 
oorreqioiMlent  of  Hie  Americui  journal,  Sdmee,  volume  8,  page  166,  atatee,  however, 
that  tJie  Chioeae  claai  the  alriieat  the  ende  of  the  fingera  into  "pots"  when  amnged 
in  a  coil  and  into  "hook»."    They  are  alao  regarded  by  the  cheiroman lists  in  Japan. 

K.  Minakata  (\.  c,  p.  200)  makes  the  following  statement: 
That  the  Ghineae  have  paid  minute  attention  to  Uie  finger  furrows  m  well  attested 
by  thecloodfiedilluatratiooagivenof  themin  the  household  Ti-taih-tMi—the  "Qreat 
Uucellany"  of  magic  and  divination — with  the  end  of  foretelling  the  predeatined 
and  hence  unchanging  fortunes;  tmdafl  the  art  of  chiromancy  ia  alluded  to  in  a  political 
essay  written  in  the  third  century  B.  C.  (Han-fei-tae,  XVII),  we  have  reason  to  sup- 
pose that  the  Chineee  in  such  early  times  had  already  conceived,  if  not  perceived, 
the  "forever  unchanging"  fnrraws  on  the  finger  tips. 

But  close  research  of  this  subject  does  not  bear  out  this  alleged 
fact.  The  fact  is  that  in  the  Chinese  system  of  palmistry  the  lines 
on  the  bulbs  of  the  fingers  are  not  at  all  considered,  and  that  Chinese 
palmiatiy  is  not  based  on  any  anatomical  considerations  of  the  hand 
but  is  merely  a  projection  of  astrological  notions.  We  have  an 
excellent  investigation  of  this  tedious  and  wearisome  subject  by 
Q.  Dumoutier,'  further  by  Stewart  Culin,»  by  H.  Dorfi,*  and  finally 
by  H.  A.  Giles.*  Not  one  of  these  four  authors  makes  any  mention 
of  the  strise  on  the  finger  tips,  and  I  am  myself  unable  to-  find  any- 
thing to  this  effect  in  Chinese  books  on  the  subject.  It  is  quite 
evident  to  me  that  Chinese  finger  prints  do  not  trace  their  origin 
from  the  field  of  palmistry  but  are  associated,  as  will  be  shown 
farther  on,  with  another  range  of  religious  ideas.  I  do  not  doubt 
the  antiquity  of  palmistiy  in  China,  though  the  date  B.  C.  3000, 
given  in  the  last  edition  of  the  Sncyclopedia  Britannica  on  the 
authori^  of  Giles,  seems  to  be  an  exaggeration,  but  the  conclusion  of 
Mindkata  that  for  this  reason  the  finger  prints  are  equally  old  is  unjus- 

<  Tlopv  Pilnti,  p.  3S. 

'itatm  A'tOsaipt^bJa  itiiiHem  (nnamita  In  AtUt  At  »iuUm  entfrte  in  arimtuRKu.  Puk,  ise, 
pp.  llBMseq.   Thg  Amumlt*  ijatam  there  expounded  fidartTed  (mm  the  Chbime. 
■  PilmtotTT  to  Chin*  md  JapUl  {Ottrlmi  MonMt,  KM,  pp.  47S-Ua). 
' HenlMTiluinir lanipentltiinis ni Cblne,  Vol. n, Slun^ul,  ini, pp. m et  Mq, 
•  PhraDolofj,  PbTilofiwimT,  and  Palmtot^  (AdTunrla  Bliilo*,  Btwoglul,  IMS;  pp.  17S>1M). 
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tified.  We  muat  remember,  also,  tliat  no  system  of  palmistry  has 
been  handed  dowa  to  ua  from  ancient  times;  we  merely  know  the 
fact  that  the  practice  its^  existed  at  an  early  date.  The  philosopher 
Wang  Ch'ung,  who  wrote  in  82  or  83  A.  D.,  states  in  regard  to  palm- 
isters  that  they  examine  the  left  palm,  but  neglect  the  right  one, 
because  the  lines  of  the  former  are  decisive,  whereas  diviners  turn  to 
the  right  side  and  neglect  the  left  one,  because  the  former  are 
conclusive.' 

The  view  of  the  independence  of  finger  prints  from  palmistry  is  by 
no  means  contradicted  by  tlie  following  statement  of  A.  H.  SmiUi;* 

^nie  Chinese,  like  the  gypraes  And  many  other  peoples,  tell  fortimea  by  the  lines 
upon  the  inside  of  the  fingen.  The  dicnlor  atris  upon  the  finger  tipa  ue  called  tou, 
a  peck,  ytbiie  those  which  are  curved,  vitliout  forming  a  orcle  aro  styled  hi,  b^ng 
supposed  to  resemble  a  duslpui.  Heoce  the  following  saying:  "One  peck,  poor; 
two  pecks,  rich;  three  pecks,  four  pecks,  open  *  pfttnubop;  five  pecks,  be  a  go- 
between;  six  pecks,  be  a  thief;  seven  pecks,  meet  calamitiea;  eight  pecks,  eat  chaff; 
nine  pecks  and  ODediurtpan,  nowoA  todo — eat  till  yon  are  old." 

This  is  neither  fortune  telling  nor  palmistry,  but  harmless  jocular 
play  which  merely  goes  to  prove  that  the  striie  on  the  finger  bulbs 
are  noticed  by  the  people  and  made  the  object  of  slight  reflections. 
The  above  saying  belongs  to  a  well-known  category  of  folklore 
which  may  be  described  under  the  title  "counting  out," 

We  alluded  above  to  the  hand  stamp  and  its  fundamental  dif- 
ference from  finger  prints  in  that  it  is  unsuitable  for  identification. 
liOt  us  DOW  enter  more  particularly  into  this  subject. 

W.  G.  Aston*  has  given  three  examples  of  the  use  of  the  hand 
stamp  in  the  'East.  In  the  Chinese  novel  Shui  Au  chuan  of  the 
thirteenth  centuiy  a  writing  of  divorce  is  authenticated  by  the 
husband  stamping  on  it  the  impress  of  his  hand  smeared  with  ink.* 
In  Japan,  deeds,  notes  of  hand,  certificates,  and  other  documents  to 

lA  Talkt,  Lun-hAns, Part  n  (Berlin,  1911), p. STS.—lbnrMMSofClilDtMpiIiiilatT]' an dlncUrboi* 

nwsd  from  India.  Pramliuiit  smoai  theae  la  tba  siaHatlan  oT  long  «ra»  nachbiE  doim  to  the  kMet, 
irtalch  appean  amoiiE  the  baauty  maita  oT  ttu  Bnddha  and  b  !□  Iict  aa  andent  Aryao  conception  ol  tha 
Tiito(A.arOawsdal.Biiddhtst  Art  lnlnilla,p.iez;  Laufer,  DoktunentB,pp.lM,tGT).  With  the  Indiana 
aiwIUi  the  Peralaus,  thli  Is  an  old  mark  ol  nobla  blrtlt  (compare  the  name  Lonflnemu,  old  Fentea 
DariiabStti,  Sanskrit  IHrg^atetu).  In  China  we  meet  tho  notion  that  a  man  whose  hand  leacbei  belov 
hb  ktiees  win  M  among  tha  bravest  and  worthlat  ol  his  generation,  bnt  one  whooe  hand  dees  not  leuti 
below  his  wsbt  wDl  ever  be  poor  and  lowly  {OUn,  I.  c,  p.181).  In  legard  to  Lla  Pel  (1B2-223  A.D.)>U 
Is  on  ieoor<]  that  his  ean  reached  to  his  ahonlden  and  bla  handa  to  hb  Ifceee  (Qllei,  BtaKc^lilMl  Dtottoo- 
ary,  p.  Mfl). 

>  Pioveibi  and  CommoD  Baytngs  (ram  tlte  Chinese,  Hh«ngti»i,  igcd,  p.  S14. 

t  JUMort,  TOL 17,  ISOT,  p.  113. 

<E.IUnB^ta0.a.,p.m)  tries  (o  make  oat  llDfv  prints  Mcoifttig  In  thb  mik,  whkih  eesma  to  ma 
an  nmfairanted  statement.   It  b  there  plainly  the  qunttm  of  hand  Impreailons  only.   Be  tM^: 

"In  the  novel  Bkut  in  etaon examples  ai«  gtna  of  the  nse  of  tufm  prints,  not  on^  In  dlvotaa,  but  tlM 
tn  oricotnal  casta.  Thus  tbs  ohi^tBr  narratfog  Un  Gbting'a  dlvtKroe  of  hb  wife  ti«*  thb  paoace:  'Lin 
Chnnc  after  Us  amaimensla  had  oopM  wtatf  he  dktated,  marked  his  alfn  eliancter,  and  itucved  hli 
hand  pattAn.'  And  In  another  place,  (tvI^detaOa  ol  Wa  Snng^  csptnte  of  tin  two  womeBrthe  BUir- 
daieisollilabrothar,irenad:  'Hecalledlorth  the  two  woDMn;oompeDedthsm  both  to  Ink  and  stamp 
UuirSncen;  thtmcalMIbttbtlienalgliboia;  made tlwnwrlladciwo  the  DUMiBadstaap (with An^it}."' 
BBSeO'—BU  1912 12 
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be  used  aa  proofs  wen  fonnerly  sealed  in  thia  way,  a  practice  to 
which  the  word  tegata  (hand  shape)  etill  uied  of  such  papers  remaioa 
to  testify.  Documents  are  in  eidatenee  in  which  Miksdos  have 
authenticated  their  aignaturea  by  an  impreanon  of  their  hand  in  red 
ink.' 

In  the  religious  beliefs  of  the  Tibetans  imprceaiona  from  the  hands 
and  feet  of  saints  play  an  extensive  rdle.  These  notiona  were  appar- 
ently derived  with  Buddhism  from  India.  In  the  Himalayan  r^on 
of  southern  Tibet  the  pious  belierers  are  still  shown  foot  imprints 
left  by  the  famous  mystic,  ascetic,  and  poet,  Milaraapa  (103^1122), 
and  in  an  attractive  book  containing  bis  legends  and  songs  many 
accounts  of  this  kind  are  given.  By  "Traces  of  the  Snowshoee"  is 
still  designated  a  bowlder  on  which  he  performed  a  dance  and  left 
the  traces  of  his  feet  and  staff,  and  the  fairies  attending  on  the  soli- 
tary recluse  mu-ked  the  rocks  with  their  footprints.*  In  the  life  of  the 
Lama  Bysms-c'en  C'os-rje  (1353-1434),  who  visited  China  at  the  invi- 
tation of  the  Emperor  Tung-lo  (139S-1419),  of  the  Ming  dynasty,  it 
is  narrated  that  when  he  was  dwelling  on  the  sacred  Mount  Wu-t*ai, 
in  Shansi  Province,  he  showed  a  miracle  by  kneading  a  solid,  hard  blue 
atone  like  soft  clay  and  leaving  on  it  an  impression  of  his  hand,  which 
astounded  all  inhabitants  of  that  region.*  The  fourth  Dalai  Lama, 
Yon-tan  rgya-mts'o  (1588-1615)  produced  on  a  stone  the  outlines  of 
his  foot.*  In  Tibet  I  myself  had  occasion  to  see,  in  the  possession  of  a 
layman,  an  impression  on  silk  of  the  hand  of  the  Pan-c'en  rin-po-c'e, 
the  hierarch  residing  at  Tashi-lhun-po.  At  least  it  was  so  ascribed 
to  him;  but  the  hand  was  almost  twice  as  large  as  an  ordinary  humui 
hand,  and  the  vermilion  color  with  which  it  was  printed  from  a  wooden 
block  lent  it  a  ghastly  appearance.  These  talismans  are  sold  to  the 
faithful  at  goodly  prices  and  secure  for  them  the  permanent  blessings 
of  the  sacred  hand  of  the  pontifex. 

1  K«d  fDk,  u  In  many  ChhUM  nllglmu  oenmoDles,  nldBDU;  i)  bete  *  nuttphorical  nibsUtDte  tgr  btood, 
4iid  tlMnst  of  thaUfkwlo  retains  Kb  pnnlr  magical  chanolar.  B.  SpOrry  (Dm  StempMmseii  In  Jvan, 
p.  IS)  nmaiU  that  tb«  itfUa  b  lOuiid  on  ancteiit  docnmontB  luuallr  tn  red,  but  also  M  black;  It  uami 
tbat  ther  vara  cbleOr  amplorad  on  Inslnunetila  ol  doiutJans  to  lamplaa,  wUluot  having  propnlr  the 
sense  and  ebmoUi  of  ailgiutiin.  aheeb  ol  white  orradpapecirlth  the  lOQrint  at  tlMMt  hand  at  tbt 
bosband  and  the  right  hand  ol  tho  wife  are  pasted  over  the  doora  of  bousce  aa  elianas  agtlntt  amallpaz 
and  other  Infutloiu  dbnsea.  QIIm  (Advaraarla  Blnica,  No.fl,  p.  1S4]  nsiratei  the  toUowlnc  story:  "A 
favorite  ooocabbie  ol  the  Emperor  Ulng  Huang  CT13-TfiS  A.  D.)  havlnc  nveial  times  dnanwd  that  aba 
was  Invited  by  some  man  to  take  wine  with  Mm  on  the  sly,  spoke  ebon t  It  to  the  Emperor.  'Thbls  the 
work  of  some  magldiui,'  mid  bh  Mnjoity;  'next  time  yon  go,  take  can  to  leave  beblnd  yon  MDianMrd.' 
That  T«7  night  ihe  had  thssamsdraam;  and  Koordloglr  she  sdied  the  opportunity  of  pnttliig  bar  hoad 
onanlDkiWiaiid  thanprBsliigltanaaonm.  When  she  awakid,  she  dasorlbed  what  had  b^ipaoed; 
and  on  a  secret  Damlnatlon  betng  made,  the  Imprint  other  hand  was  actnilly  bond  Id  the  Dawojn- 
tba-SastPavlUaiioiiBtdatltspalace.  The  magician,  bowovv,  was  nowbare  to  be  seen."  Iniegaidtothe 
same  woman,  Yang  Knel-t«i,  another  anecdote  la  told  to  the  effeot  that  she  once  tooched  the  petab  of 
peaiil>awtthherfliigendlppedloton>uge,wbareupon  the  ootiil)ig7««ii,  attar  the  Bowen  had  bs(n  tcanv 
ptaotad,  r«d  tncee  at  bar  flngar  prtots  were  vlilble  on  the  i^nnlnt  blaasoau  (oompaie  P'ri  wta  r^a)^ 
cb  Ti,v.»). 

■  L«iilW,  Am  den  OeachlchteD  und  Ltedern  dee  ItOaiacpa,  pp.  J,  18  (JJmtKliiibn  Vientt  Aiaiadt, 
1909),  and  illtUvjVr  AeHptauvltMnaehq/t,  vaL  4, 1901,  pp.  38, 41. 

>  a.  Bnth,  Oeschlchle  dee  Bnddblimns  in  dec  HoogoM,  Vol.  n,  Bh— b«i,  IMe,  p.  Ut, 

indd.,p.W. 
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The  use  of  the  hand  in  se&Ung  documents  is  by  no  means  natiicted 
to  Chinft  and  Japan.  It  occurred  aa  well  m  weatem  Asia.  Malcolm,* 
in  describing  the  conquests  of  Timur,  states: 

The  officers  of  the  conqueror'fl  anoy  were  apffointed  to  the  chuge  of  tbe  different 
provincea  and  citiei  which  had  been  subdued,  and  on  their  commisBionB,  instead  of  a 
teei,  an  impreeslon  0 1 K  red  hand  wm  etamped;  a  Tartar  usage,  tlutt  marked  the  manner 
in  which  the  t«rritariee  had  been  token,  m  well  m  t^t  in  which  it  was  intended  they 
should  be  governed.  • 

The  Bymbolism  of  the  hand  is  here  cleaiiy  set  forth;  it  was  a  political 
emblem  of  conquest  and  subjugation.  W.  Simpson  *  received,  at 
Constantinople,  the  information  that  in  early  times  when  the  Sultan 
had  to  ratify  a  treaty  a  sheep  was  killed,  whereupon  he  put  his  hand 
into  the  blood,  and  pressed  it  on  the  docummit  as  his  "hand  and 
seaL"' 

The  foot  impressions  attributed  in  India  by  popular  belief  to  Bud- 
dha or  Vishnu  are  well  known.  They  occur,  likewise,  on  the  mega- 
llthic  tombs  of  western  Europe  and  in  petroglyphs  of  upper  Egypt, 
likewise  the  numerous  representations  of  hiuids  in  the  European 
paleolithic  caves*  ^ould  be  called  to  mind.  Only  vague  guesses 
con  be  made  as  to  their  original  meaning,^  and  tbqr  may  be  altogether 
different  from  the  hand  stamps  much  lat«r  in  point  of  time.  But 
these  various  examples  of  the  occurrence  of  hand  representatioos  in 
different  parts  of  the  world  should  admonish  us  to  exercise  precaution 
in  framing  hasty  conclusions  as  to  hand  impressions  leading  to  finger 
prinlB  in  China.  The  former  occur  outude  of  China  where  no  finger 
prints  are  in  use,  and  do  not  pretend  to  serve  for  identification,  nor 
can  they  answer  this  purpose.  They  have  a  purely  religious  signifi- 
cance; they  may  symbolize  political  power  or  subjugation  or  become 
the  emblem  of  a  cult. 

K.  Minakata,  at  the  suggestion  of  his  friend  TeitarO  Nakamura, 
believed  that  possibly  the  "finger  stamp"  was  merely  a  simplified 
form  of  the  "hand  stamp."  This  view,  in  his  opinion  applies 
equally  well  to  the  cose  of  the  Chinese,  for  they  still  use  the  name 
"hand  pattern"  for  the  finger  print.*  Tliis  theory  is  untenable, 
if  for  no  other  reason  than  that  the  tJiumb  print,  as  will  be  shown  by 
actual  archeologicsl  evidence,  is  very  much  older  in  China  than  the 
hand  impression.  The  two  Japanese,  however,  may  have  had  a  cor- 
rect feeling  in  this  matter  which  they  were  unable  to  express  in  words, 

1  aiatttj  et  Pm^,  Vol  I,  p.  M6. 

>  JmhiwI  aafl  AHtle  BeHttt,  T<ri.  n,  p.  H». 

•  Th*  dnl(B  Of  a  hud  li  lociad  aim  en  Parian  wn**)!  iMM  of  tlM  Sunntaii  pvlod  (SOt-Ml  A.  D.). 
8ea£.  Thomaa,  nnMiirnn  Mint  Hatogmna  and  IHnM(JtmnitlXottlAilMtSatiitr,vti.W,\ta,m, 
No.  91). 

*  r.  B^nanlt,  Bmpnlnlw  da  maliH  bomalMa  dana  la  pnVm  da  0«9>  (SbOMw  a  mmakt*  Saelili 
',im,VoLl,  pp.  331-9). 

9,  SOdwcBtei^opilKtie  Uegallthkultur,  WOnburi,  1«1,  p.  14g. 
t  la  Inoomot;  tba  Cblnoa  flxpnMlon  "band  pattern"  imitf  Buana  what  II  lapUta, 
m  tha  palm,  but  never  a  Bngn  print.  -,  . 

.  Coogic 


648  AKNtJAI.  BBPOBT  SMTFHEONIAN  INSTITUTION,  1912. 

or  to  prove  properly.  If  the  finger  print  has  not  been  evolved  from 
the  hand  print,  nor  the  latter  from  the  former,  there  is  a  certain  degree 
of  inward  relationship  between  the  two;  both  are  coexisting  phe- 
nomena resting  on  a  common  psychological  basis.  In  order  to  pene- 
trate into  the  beginnings  and  original  significance  of  finger  prints, 
it  is  necessary  to  consider  another  subject,  that  of  seals. 

The  antiquarian  history  of  Chinese  seals  b^ii^  with  the  famous 
seal  of  the  first  Emperor  Ts'in  Shi  (B.  C.  246-210).  This  was  carved 
from  white  jade  obtained  at  Lan-t'ien  in  Shensi  Province  and  is  said 
to  have  contained  the  inscription  "Having  received  the  mandate  of 
Heaven,  I  am  in  possesaion  of  longevity  and  eternal  prosperity." 
It  was,  accordingly,  the  emblem  of  sovereignty  conferred  by  Heaven 
on  the  Emperor.'  The  word  «i,'  which  had  up  to  that  date  served 
for  the  designation  of  any  seal,  was  henceforth  reserved  as  the  exclu- 
sive name  of  the  imperial  seel;  in  other  words,  a  taboo  was  placed 
on  it.  Furthermore  the  character  used  in  writing  this  word  under^ 
went  a  change:  the  symbtd  for  "jade"  (i/fl)  entering  into  its  composi- 
tion, together  with  a  phonetic  dement,  was  substituted  for  the  pre- 
vious ^fmbol  "earth"  (fu).  The  latter  word  denotes  also  clay,  so 
that  we  are  allowed  to  infer  that  prior  to  tiie  time  of  the  jade  seal  of 
1%'in  Shi  seals  were  ordinarily  made  of  clay. 

The  common  name  for  these  clay  seals  is  jhig  n{,'  and  they  were 
utilized  especially  in  sealing  documents  which  were  written  at  that 
time  on  slips  of  bamboo  or  wood.  After  ih.e  age  of  Emperor  Wa 
(B.  C.  156-87)  of  the  Former  Han  dynasty  they  fell  into  disuse, 
but  during  his  reign  they  were  still  employed,  as  attested  by  the 
biographies  of  the  Gens.  Chang  K'ien  and  Su  Wu.  A.  Stein  *  has 
discovered  a  large  number  of  such  tablets  with  clay  seals  attached 
to  them  in  the  ruins  of  Turkistui.  A  number  of  ancient  clay  seals 
having  been  discovered  also  on  Chinese  soil,  particularly  in  the 
provinces  of  Shensi  and  Honan,  they  could  not  escape  the  attention 
of  the  native  archeologists.  One  of  these,  Liu  Tie-yiln,  publi^ed 
at  Shanghai  in  1904  a  smell  work  in  four  volumes  imder  the  title 
T'ie^n  is'ang  foio,  "Clay  Pieces  from  the  Collection  of  Tie-yOn." 
These  volumes  contain  facsimiles  of  a  number  of  clay  seals  as  an- 
ciently employed  for  sealing  official  letters  and  packages.*  The  sub- 
ject, however,  is  not  investigated,  and  no  identifications  of  the  char- 
acters of  old  script  with  their  modem  forms  are  given.  Tlieir  doci- 
pherment  is  difficult  and  remains  a  task  for  the  future.    A  few  such 

>E.Cb&miius(Laiiiimolm]iM«(lqiMadaS»mkT('lm.T^.  3,pp.  UB-UO)liMi«en:d*dttwT«tto(D 
dotiniMotUiii  DOW  lost  Nsl,  ■CMcdliv  ts  tba  CUnan  tndltjui,  down  to  Um  X'tng  dynaatr. 
>  OOm,  Chlnan-ED^ldi  Dlctkiniry,  Noa.  <US,  4144. 
'  Utvn?  nknuon  to  tham  in  mnK  aoiDa  nota  nfHdlnc  tlum  an  f^Oimui  In  tba  orsloiiadli  Ynt 

•  Andmt  Khntui,  Oilati,  IfiOT,  Vol.  1,  p.  IIS. 

'Lanier,  ChtiHn  Pott«r7.  p.  ttT,  Hid  Chsnimn  In  JwriHl  otlMfw,  viH.  17,  N(^  I.  UU,  ^  n. 
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clay  se&b  secured  by  me  at  Si-ngan  fu  are  likely  to  furnish  an  im- 
portant coDtribution  to  the  early  history  of  the  finger-print  system. 

The  seal  was  considered  in  ancient  China  as  a  magical  object 
suitable  to  combat  or  to  dispri  eyil  spirits,  and  the  figures  of  tigers, 
tortoises,  and  monsters  by  which  the  metal  seals  were  stumounted 
had  the  function  of  acting  as  charms.  We  read  in  Fao-p'o-tse  '  that 
in  olden  times  people  traveling  in  mountainous  re^ons  carried  in 
their  girdles  a  white  seal  4  inches  wide,  covwed  with  the  design  of 
the  Yellow  Spirit  and  120  characters.  This  seal  was  impressed  into 
clay  at  the  place  where  they  stopped  for  the  night,  each  of  the 
party  made  100  steps  into  the  four  directions  of  the  compass,  with 
the  effect  that  tigers  and  wolves  did  not  dare  approach.  Jade 
boxee,  and  even  the  doors  of  the  palaces,  were  sealed  by  means  of 
clay  seals  to  shut  out  the  influence  of  devils.  Numerous  are  the 
stories  r^arding  Buddhist  and  Taoist  priests  performing  miracles 
with  the  assistance  of  a  magical  seal. 

On  plate  4  six  such  clay  seals  from  the  collection  of  the  Field 
Museum  are  illustrated.  The  mc»t  interesting  of  these  is  that  shown 
in  figure  2,  consisting  of  a  hard,  gray  baked  clay,  and  displaying  a 
thumb  impression  with  the  ridges  in  firm,  clear,  and  perfect  outlines, 
its  greatest  length  and  width  being  2.5  cm.  It  is  out  of  the  question 
that  this  imprint  is  doe  to  a  mere  accident'caused  by  the  handling  of 
the  clay  piece,  for  in  that  case  we  should  see  only  faint  and  imperfect 
traces  of  the  finger  marks,  quite  insufficient  for  the  purpose  of  identi- 
fication. This  impression,  however,  is  deep  and  sunk  into  the 
surface  of  the  clay  seal  and  beyond  any  doubt  was  effected  witib 
intentional  energy  and  determinatitxi.  Besides  this  technical  proof 
there  is  the  inward  evidence  of  the  presence  of  a  seal  bearing  the 
name  of  the  owner  in  an  archaic  form  of  characters  on  the  opposite 
aide.  This  seal,  1  cm.  wide  and  1.2  cm.  long,  countersunk  4  nmu 
below  the  surface,  is  exactly  opposite  the  thumb  m&rk,  a  fact 
dearly  pointing  to  the  intimate  afioliation  between  the  two.  In 
reasoning  the  case  out  logically,  there  is  no  other  significance  possible 
than  that  the  thumb  print  belongs  to  the  owner  of  the  seal  who  has 
his  name  on  the  obverse  and  his  identification  mark  on  the  reverse, 
the  IstterevidenUy  serving  for  the  purpose  of  establishing  the  identity 
of  the  seal.  This  case,  therefore,  is  somewhat  analogous  to  the 
modem  practice  of  ^fBning  on  title  deeds  the  thumb  print  to  the 
signature,  the  one  being  verified  by  the  other.  Iliis  unique  speci- 
men is  the  oldest  document  so  far  on  record  relating  to  the  histoiy  ot 
the  finger-print  system.  I  do  not  widi  to  enter  here  into  a  discus- 
sion of  the  exact  period  from  which  it  comes  down,  whether  the  Chou 

I  Sonuuaa  of  tha  odebnMd  Taolit  vrltar  Ko  Bang  vbo  died  aroaod  330  A.  D.,  at  the  ag"  o^  81. 
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period  or  the  Former  Han  dynasty  is  involved ;  this  question  is  itrele- 
TBJit;  at  ail  events  it  may  be  stated  confidently  that  this  object,  like 
oDier  day  seals,  was  made  in  the  pre-Christian  era.    An  examinatioa 
of  other  pieces  may  reveal  some  of  the  religious  ideas  tmderi3ring  the 
application  of  the  thumb  print.    Many  clay  aeala  are  freely  fashioned 
by  means  of  the  finger  and  exhibit  atrange  relataoos  to  these  oigans. 
llie  finger  shape  of  the  two  seals  in  figures  6  and  7  cm  plate  4  is 
obvious.    Our  illustration  shows  Uie  lower  uninscribed  sides,  while 
tiie  name  is  impressed  by  means  of  a  wooden  moid  on  the  upper  side. 
Examinatifm  of  these  two  pieces  brings  out  the  fact  that  ihey  were 
riiaped  from  the  upper  portion  of  the  small  finger,  and  further  from 
the  back  of  the  finger.    The  lower  rounded  portami  of  tihe  object  in 
figure  7  is  evidently  the  nail  of  the  smail  finger  which  was  pressed 
against  the  wet  day  lump;  the  seal  has  just  t^e  length  of  the  first 
finger  joint  (2.6  cm.  long),  the  day  mold  fdlows  the  round  shape  of 
the  firmer,  and  the  edges  coiled  up  after  baking.    The  lines  of  the 
Bkio,  to  become  visible,  were  somewhat  grossly  enlarged  in  the 
impressirai.    The  day  seal  in  figure  6  (2.4  cm.  long),  I  believe,  was 
fashioned  over  the  middle  joint  of  the  small  finger  of  a  male  adult, 
the  two  joints  at  the  upper  and  lower  end  of  the  seal  being  flattraied 
out  a  littie  by  pressure  on  the  day,  and  the  lines  of  the  epidertnia 
being  artifidally  inserted'  between  them.    The  seal  in  figure  5,  of 
red-burnt  day,  with  four  chai^cters  on  the  opposite  side  (not  illus- 
trated), was  likewise  modeled  from  the  bulb  of  the  thumb  by  pressure 
of  the  left  side  againsj^  a  lump  of  clay  which  has  partially  remained  as 
a  ridge  adhering  to  the  surface.    The  latter  was  smoothed  by  means 
of  a  fist  stick  so  that  no  finger  marks  could  survive.    The  gt<oove  in 
the  lower  part  is  accidental.    Another  square  clay  seal  in  our  coUectioa 
(No.  117032)  has  ^kewiae  a  smoothed  lower  face,  but  a  sharp  mark 
from  the  thumb  nail  in  it.    These  various  processes  auffioe  to  show 
that  ihe  primary  and  essential  point  in  liiese  day  seals  was  a  certain 
sympathetic  rdation  to  the  fillers  oi  the  owner  of  the  seal.     Here 
we  must  call  to  mind  that  the  seal  in  its  origin  was  the  outcome  of 
magical  ideas,  and  that,  according  to  Chinese  notions,  it  is  the  pledge 
for  a  peison's  good  faith;  indeed,  the  word  yin,  "seal,"  is  explained 
by  the  word  mh,  "faith."'    The  man  attesting  a  document'sacrificed 
figuratively  part  of  his  body  under  his  oath  that  the  statements 
made  by  him  were  true,  or  that  the  promise  of  a  certain  obligation 
would  be  kept.    The  seal  assumed  the  shape  of  a  bodily  member; 
indeed,  it  was  immediately  copied  from  it  and  imbued  with  the  flesh 
and  blood  of  the  owner.    It  was  under  the  sway  of  these  notions  of 
magio  that  the  mysterious,  unchangeable  furrows  on  the  finger  bulbs 
came  into  prominence  and  received  their  importance.    They  not 
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Ink-Sketch  ev  Kao  K'i-p'ei,  Executed  bv  Means  of  the  Finger-tips. 
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Imk-Sketch  by  Kao  K'i-p'ei.  Executed  by  Means  of  the  Finger-Tif«. 
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Ikk-Sketcm  By  Yo  Yu-Son,  Executed  b 
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only  coDtnbuted  to  identify  an  individual  unmistakably  but  also 
praaented  a  tangible  essence  of  the  individuality  and  lent  a  spiritual 
or  magical  force  to  the  written  word. 

Finally,  I  should  like,  in  this  connection  to  ctil  attention  to  a  pecu- 
liar method  of  painting  practiced  by  the  artists  of  CSuna,  in  which 
the  brush  is  altogether  discarded  and  only  the  tips  of  the  fingers  are 
employed  in  applying  the  ink  to  the  paper.  This  specialty  is  widely 
known  in  China  under  the  name  ehi  kva,  which  literally  means 
"finger  painting,"  and  still  evokes  the  highest  admiration  on  the 
part  of  the  Chinese  public,  being  judged  as  far  superior  to  brush 
painting.  The  first  artist  to  have  cultivated  this  peculiar  style,  ac- 
cording to  Chinese  traditions,  was  Chang  Tsao,  'm  the  eighth  or  moth 
century,  of  whom  it  is  said  that  "he  used  a  bald  brush,  or  would 
smear  color  on  the  silk  with  his  hand."  '  Under  the  Manchu  dy- 
nasty, Kao  K'i-pei,  who  lived  at  the  end  of  the  seventeenth  and  in 
the  Gxst  part  of  the  eighteenth  century,  was  the  best  representative 
of  this  art.  "His  finger  paintings  were  so  cleverly  done  that  they 
could  scarcely  be  distii^ished  from  work  done  with  the  brush;  they 
were  highly  appreciated  by  his  contemporaries,"  says  Hirth.  On 
plates  4  and  5  two  ink  sketches  by  this  artist  in  the  collection  of  the 
Field  Museum  are  reproduced.  Both  are  expressly  stated  in  the 
accompanying  legends  written  by  the  painter's  own  hand  to  have 
been  executed  with  his  fingers.  The  one  representing  two  hawks 
fluttering  around  a  tree  trunk  is  dated  1685;  the  other  presents  the 
reminiscence  of  an  instantaneous  observation,  a  sort  of  flashlight 
picture  of  a  hi^  sea  fish  stretdm^  its  head  out  of  the  waves  for  a 
few  seconds  and  spurting  forth  a  stream  of  water  from  its  jaws. 
The  large  monochrome  drawing  shown  on  plate  6 — cranes  in  a  lotus 
pond  by  Yo  Yu-sun— is  likewise  attested  as  being  a  finger  sketch 
(chi  mo),  and  the  painter  seems  to  prove  that  he  really  has  his  art  at 
his  fingers'  ends.  Hirth  is  inclined  to  r^ard  this  technique  "rather 
a  special  sport  than  a  serious  branch  of  the  art,"  and  practiced  "as 
a  specialty  or  for  occasional  amusement."  There  was  a  time  when 
I  felt  tempted  to  accept  this  view,  and  to  look  upon  finger  painting 
as  an  eccentric  whim  of  the  virtuosos  of  a  decadent  art  who  for  lack 
of  inner  resources  endeavored  to  bum  incense  to  their  personal 
vanity.  But  if  Chang  Tsao  really  was  the  father  of  this  art,  at  a 
time  when  paintii^  was  at  the  culminatit^  point  of  artistic  develop- 
ment, such  an  ailment  can  not  be  upheld.  I  am  now  rather  dk- 
posed  to  believe  that  the  origin  of  finger  painting  seems  to  be  some- 
how linked  with  the  practice  of  finger  prints,  and  may  have  received 
its  impetus  from  the  latter.  The  relationship  of  the  two  terms  is 
somewhat  significant;  huaehi,  "to  paint  the  finger,"  as  we  saw  above 
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in  the  possi^  quoted  from  Kia  Kung-yea,  is  the  phrase  for  "making 
a  finger  impreesion  "  in  the  T'aug  period,  and  the  same  words  reversed 
in  their  position,  chi  hva,  mean  "finger  painting"  or  "painted  with 
the  finger. "  It  seems  to  me  that  also  in  finger  painting  the  idea  of 
m^ic  was  prevalent  at  the  outset,  and  that  the  artist,  by  the  imme- 
diate bodily  touch  with  the  paper  or  silt,  was  enabled  to  instill  part  of 
his  soul  into  his  work.  Evantually  we  might  even  go  a  step  farther 
and  make  bold  to  say  that  finger  painting,  in  general,  is  a  most 
ancient  and  primitdre  method  of  drawing  and  painting,  one  practiced 
long  before  the  invention  in  the  third  century  B.  C.  of  the  writing 
brush  of  animal  hair,  and  the  older  wooden  stylus.  The  hand,  with 
ite  veiBatile  organs  of  fingers,  was  the  earliest  implement  utilized  by 
man,  and  t^e  later  artistic  finger  punting  might  well  be  explained  as 
the  inheritance  of  a  primeval  age  revived  under  suggestions  and  im- 
pressions received  from  the  finger-print  syBtem. 
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DRBANISM:  A  HISTORIC,  GEOGRAPHIC,  AND  ECONOMIC 

STUDY.' 


By  PiSRsa  Clkbokt, 
rrattht  High  School  of  Commerce,  Lyon,  Frana. 


I.  ANCIENT  CITIES. 

"We  should  not  hare  the  idea  of  ancient  citiee,"  writes  Fuatel  of 
Coulanges,  "that  we  hare  of  those  we  see  built  in  our  day.  A  few 
houses  are  erected  and  that  is  a  villege;  the  number  of  houses  is 
gradually  increased  and  it  becomes  a  city;  and  we  finish  it,  if  there 
be  room,  by  surrounding  it  with  a  moat  and  a  wall.  Among  the 
ancients  a  city  was  not  formed  in  course  of  time  by  a  slow  increase 
in  the  number  of  inhabitants  and  buildings,  but  they  constructed  it 
at  once,  complete  almost  in  a  day."  *  The  first  need  of  the  founder  was 
to  choose  a  site  for  the  new  city,  but  the  choice  was  always  left  to  the 
decision  of  the  gods.  Around  the  altar,  which  became  the  shrine 
of  the  city,  were  built  the  houses, ' '  just  as  a  dwelling  is  erected  around 
the  domestic  fireside."  The  boundary,  traced  according  to  a  religious 
rite,  was  inviolable.  This  ceremony  of  founding  the  city  was  not 
forgotten,  and  ea«h  year  they  celebrated  its  anniversary.  Every 
ancient  city  was  first  of  all  a  sanctuary. 

Rome,  in  particular,  was  created  in  that  way.  One  of  the  remark- 
able traits  of  her  pohtics  was  that  she  attracted  to  herself  aU  the 
cults  of  oonqnered  peoples,  and  this  was  the  chief  way  through  which 
she  succeeded  in  increasing  her  population.  She  brought  to  herBolf 
ihe  inhabitants  of  conquered  cities  and  litUe  by  httle  she  made 
Romans  of  them,  each  of  them  being  perxuitted  to  exercise  his  cult; 
this  liberty  was  enough  to  retain  tjiem  there. 

At  a  time  ^en  statistics  were  unknown  we  are  left,  by  lack  of 
accurate  figures,  to  rely  for  information  upon  some  very  uncertain 
and  probably  exaggerated  estimates  by  ancient  historians.  Beloch, 
cited  by  M.  de  Foville,  gives  800,000  inhabitants  to  Rome  in  the 
reign  of  Augustus;  Young  estimates  Carthage  under  the  Empire  at 
700,000;  Schmoller  g^ves  600,000  to  700,000  inhabitants  to  ancient 

I  TnnalUsd,  b;  pcnntankm,  from  BnlMlii  de  la  SodM  NsuchatelolH  dc  Odocnphto,  voL  20,  in»-10, 
pp.313.^n.    NiDohaW,  Swluvlvul,  inO. 
•  TOiM  d*  CoqIucm:  Li  dM  uUque,  IT-  Mft,  PvIb,  HMbatta,  IMD,  p.  111. 
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Alexandria,  600,000  to  Seleucia,  and  100,000  to  Antioch  and  Per- 
genuB. 

In  Greece  the  oii^ty  of  cities  was  due  to  the  same  religious  motive, 
but  "the  topography  of  the  country,  the  characteiistics  of  the  race, 
the  social  and  political  statna,  all  united  in  turning  that  oountiy 
toward  trades  and  manufactorea,  commfffoe,  navigation,  colonization, 
and  everywhere  gave  birth  to  cities  which,  like  Miletis,  Chaloia, 
Corinth,  .^^^gina,  and  later,  Athens,  found  in  the  new  ways,  riches  and 
fame.  It  produced  there,  in  brief,  from  the  seventii  to  the  four& 
centuries  before  Christ,  a  phenomenon  comparable  to  what  we  see 
to-day  among  modem  peoples."  >  In  Greece  it  was  chiefly  throT^ 
slaveiy  that  the  oitdes  increased  in  their  way  the  number  of  inhab- 
itants. It  was  Chios,  a  maritime  city,  that  first  introduced  for^gn 
slaves  among  them^  Its  example  was  imitated  by  cities  which  had 
hke  needs,  and  tUxae  was  thus  oiganized  "a  steady  stream  of  immi- 
gration, which  brought  from  all  the  Orient  into  Greece  an  abundance 
of  workmen."  '  The  population  of  ancient  cities  also  included  a  great 
number  of  forfflgners  (m£t&ques)  who,  having  abandoned  their  native 
land  with  no  hope  of  return,  consecrated  themselves  to  the  trades 
and  to  conmierce.  At  Athens,  toward  the  end  of  the  fifth  oentuiy 
before  Christ,  the  m^tdques  and  the  freedmeu  reached  the  number  of 
100,000,  as  opposed  to  120,000  citizens.  Prosperity  was  then  directly 
proportionate  to  the  abundance  of  handwork,  for  the  arm  was  the  only 
force  employed^  but  from  the  day  when  work  and  money  failed  them 
the  cities  decreased  in  population.  Such  was  Greece  during  the 
second  and  first  centuries  before  Christ.  "Thebes,"  writes  Strabo, 
"was  only  a  martet  town  and  the  other  cities  of  Bceotia  showed 
ihe  same  decline." 

Before  the  Mediterranean  epoch,  where  the  principal  seats  of  civil- 
ization were  represented  simultaneously  or  in  turn  by  the  great  oli- 
garchies, Phenician,  Carthaginian,  Greek,  and  Italian — and  we 
might  repeat  for  Tyre  and  Carthage  what  we  have  said  of  Grecian 
cities — were  placed  the  four  great  civilizations  of  high  antiquity 
which  aU  flourished  in  navigable  regions.  "Hoangho  and  Yangtze- 
Kiang,"  writes  L.  Metchnikoff,  "flowed  through  the  primitive  do- 
main of  Chinese  civilization ;  Vedique,  India,  was  likewise  cut  by  the 
basins  of  the  Indus  and  the  Ganges;  the  Assyro-Babylonian  mon- 
archies spread  over  a  vast  country  of  which  the  Tigris  and  the 
Euphrates  formed  the  two  vital  arteries;  Egypt,  finally,  as  Herod- 
otus has  said,  was  a  gift,  a  present,  a  creation,  of  the  Xile."  *  From 
Nineveh,  on  the  Tigris,  Assyrian  civilization  was  carried  to  Babylon 

>  FbuI  QubBud:  ttodla  Amunslquea  waz  TanUqalU.    Paris,  HubetU,  IKU,  p.  12r. 

>  Paol  OulTMld,  op.  cit 
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on  ike  Enphr&tes,  to  return  to  Sel«ucia  on  the  T^ris.     Even  to-day 
all  tlie  rivers  bring  together  the  most  intense  economio  life. 

M.  Paul  Mougeolle  has  with  reason  remarirad  that  at  each  auoces-   ' 
are  p«riod  of  the  general  history  of  the  Westran  Empire  the  principal 
oant«rs  of  oiTilization  have  extended  farther  and  farther  from  the 
TVofHos  toward  the  polar  circle.*    This  is  shown  by  the  following 
table: 
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In  many  ancient  cities  agriculture  sutpassed  industrial  and 
commercial  activities.  Everywhere  within  the  ancient  cities  were 
found  common  pasturage  lands,  as  at  Palmyra,  Mid  it  was  the  same 
in  many  old  medieval  cities  in  France  (I)ouai,  Amiens,  Aurillao, 
Dole,  etc.),  in  England,  in  Germany,  and  in  Italy.  Not  only  were 
the  inhabitants  of  the  cities  agriculturists,  possessing  fields  outside 
the  cities,  but  urban  apace  itself  was  in  great  part  under  cultivation. 
The  ancient  writings  make  frequent  menti<Hi  of  wide  cultivated 
tracts  or  of  agricultural  undertakings.  These  are  chiefly  gardens 
and  vineyards,  but  mention  of  arable  fields  are  not  rare.  Sometimes 
these  cultivated  tracts  serve  to  separate  the  various  quarters  of  the 
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city  and  are  an  indirect  proof  of  the  village  oi^ia  of  the  dwcdlers 
there.' 

Among  ancient  peoplea  war  was  often  s  chromo  cimdition  and 
Btxifes  occurred  even  within  the  cities.  In  Rome  rivalries  between 
the  several  quarters  led  Mommsen  to  say  that  the  city  was  an  aason- 
blage  of  small  urban  communities  rathra*  than  a  city  i^gregated  in  a 
nngle  body.  Each  part  of  the  city  was  fortified  as  much  against 
other  parts  as  i^ainst  the  common  enemy.  In  Babylon  temples  and 
palaces  each  formed  a  fortress  within  the  city.  At  Kheinfelden 
strifes  were  frequent  between  the  city  and  the  chateau.* 

II.  CITIES  OF  THE  MIDDLE  AGE3. 

Medieval  Europe  never  had  cities  as  great  as  those  of  antiquity. 
The  population  was  more  widely  scattered  and  the  causes  of  concen- 
tration which  prevailed  in  the  nineteenth  century  did  not  yet  exist. 
Up  to  the  year  1400,  Cologne  and  Lubeck,  in  Grermany,  alone  exceeded 
about  30,000  inhabitants,  Burckhardt  gives  90,000  citizens  to 
Florence  in  1338  and  190,000  to  Venice  in  1422,  although  M.  de  Foville 
thinks  those  figures  are  too  great.  Sdunoller  estimates  50,000  to 
60,000  inhabitants  in  Bruges  and  Oand  toward  the  end  of  the  Middle 
Ages,  and  Antwerp,  in  the  sixteenth  century,  had  about  200,000 
population.  England  for  a  long  period  had  few  cities.  In  1377 
London  numbered  30,000  to  40,000,  York  11,000,  Bristol,  9,500, 
Coventry  7,000,  and  at  the  end  of  the  seventeenth  century  only  two 
provincial  cities,  Norwich  and  Bristol,  approached  30,000  inhabitants, 
the  others  remaining  below  10,000. 

As  to-day  in  certain  new  countries,  such  as  Australia  and  Argentina, 
so  the  cities  of  antiquity  were  formed  of  "heads  disproportioned  to  the 
bodies,"  and  the  rural  element  was  not  necessarily  important.  But 
this  lack  of  equilibrium  in  the  "social  body"  did  not  exist  in  the  Mid- 
dle Agee,  the  land  commenced  to  be  colonized  and  improved;  slavey 
no  loiter  existed,  and  serfdom  attached  to  the  land.  The  difficulty 
of  communication  diecked  the  currents  of  immigration,  formwly 
rendered  easy  by  the  sea.  The  market,  durii^  the  greater  part  of 
that  period,  was  the  nucleus  of  the  city,  except  when  it  had  its  origin 
in  some  towns  of  the  Gaols,  or  from  some  Boman  communities.  In 
many  cases  the  urban  right  was  one  of  the  forms  of  royal  or  seignioral 
concessionB  for  markets  and  it  served  to  keep  the  population  in  a 
place  granted.  Bruges,  Oand,  Toumai,  Valenciennes,  etc.,  are 
purely  economic  creations  from  market  centers.' 

>  RendMauDlar.   I/orlglnt  at  la  loiietlou  Aoonomlque  du  Tlthw.   £tude  dc  moiphotoEtg  >ocU1«.    P*rli, 
.  Oirud  *t  Bittn,  ISIO,  p.  71-10. 
<  Rent  UanalCT.    Op.alt.,p.  123. 

•  Cr.  J.  Fbch,  Lm  oTigltlM  dc  rBnolsnnB  Fnoca,  vol.  7,  p.  301-350.  Qsorges  Bourgin,  Les  origioea 
■tImIdM  da  moymi  igi.     Ravu*  da  tTiitUM  hialorique,  DeccmbBr,  11103. 
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Cities  were  built  either  around  some  old  Soman  camp  or  at  the 
crossing  of  a  river,  or  around  a  church,  an  abbey,  or  fortified  chateau . 
The  plan  differed  according  to  the  origin,  and  extension  was  made 
irregolarly,  following  the  topography,  or  concentrically  aroimd  one 
or  many  centers. 

Paris,  the  ancient  Lutdce,  began  on  the  He  de  la  Cit£.  Although 
that  place,  covered  with  a  bed  of  muddy  alluvia,  was  not  at  all 
suited  for  habitation,  yet  it  was  an  island  well  located  and  specially 
favorable  for  defense,  being  a  direct  extension  of  a  natural  stretch 
of  land.  The  right  bank  of  the  river  being  only  an  inhospitable 
marsb,  Paris  extended  first  along  on  the  left  bank  and  climbed  up 
Mount  St.  Genevi&ve.  But  it  is  the  river  after  all  that  continues 
to  dominate  the  city,  (hanks  to  the  "Corporation  dea  Nautes." 
The  invasion  of  the  Barbarians  reenforoed  its  defense;  the  fortified 
city  gained  in  importance.  The  Francs  came,  were  converted,  and 
Christianity  began  in  earnest  the  transformation  whence  emerged 
the  Paris  of  the  Middle  Ages  and  of  modem  times.  Capital  of  France, 
she  grew  up  with  r^al  powfer.^ 
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In  the  Middle  Ages  wars  were  frequent,  and  cities  sou^t,  above 
everything,  positions  for  defense;  but  after  they  had  built  up  the 
heights,  set^ements  were  made  in  the  plain  when  relative  peace 
prevailed  attracted  by  the  presence  of  water  and  fields  for  cultiva- 
tion. The  city  was  often  made  up  of  two  distinct  elements:  One 
inhabited  by  soldiers  and  agriculturists,  the  other  by  merchants. 
"The  Flemish  city,"  writes  M.  Pirenne,  "was  made  by  joining  a 
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fortress  and  a  market  place,  a  castrum  and  a  portua."  This  method 
prevaUed  in  the  most  varied  civiltaations,  in  anient  cities  aa  well  as 
in  the  medieval  citiea  of  France,  Gwmany,  England,  and  Italy.* 
The  city  of  Ratisboone,  for  example,  was  fonned  of  three  parts. 
The  first  contained  the  palace  of  the  King  and  some  convents 
(m^us  paguB,  or  royal  district);  the  second  included  the  court  of  the 
clergy,  two  convents,  and  some  merchants  (pague  cleri,  or  priestly 
district) ;  these  two  parts  together  comprised  the  old  city  (antiqua 
urbs).  The  third  part,  or  new  city,  was  inhabited  by  the  merchants 
and  artisans  (pagus  mercatorum,  or  mercaotUe  district).  Military 
needs  demanded  places  easy  for  defense,  some  strategic  points  whence 
they  could  command  the  surrounding  region;  while  for  economie 
purposes  there  was  needed  easy  communicat^m,  suitable  for  com- 
mercial activities.  Now,  as  M.  Kent  Maunier  remarks,  the  same 
regions  very  often  have  all  these  divesrse  qualitaea,  for  example,  the 
centers  and  the  boundaries  for  geographic  unite.  An  intersection  ol 
roads  answers  best  for  both  needs.  It  was  for  tJiis  reason  that  Elrfurt, 
a  military  center  at  the  crossroads  of  Thuringia,  very  quickly  became 
a  centOT  of  commerce.  Ratzel  had  before  observed  that  in  every 
geographical  unit  life  is  especially  developed  within  these  limits. 
Commercial  business  is  attracted  by  the  frontiers,  and  to-day  indu^ 
tries  are  spread  out  on  the  city  boundary;  maritime  porta  are  more 
and  more  growing  to  be  industrial  centers. 

In  the  city  of  the  Middle  Ages  industrial  activity  was  limited  to 
local  needs;  it  was  the  system  of  city  economy  to  which  would  later 
succeed  national  economy.  Some  special  markets  were  given  up 
each  to  a  particular  product;  trades  permanently  occupied  certain 
streets  to  which  they  gave  their  name.  You  still  find  this  same 
custom  in  cities  of  the  Orient  and  in  Morocco.  This  grouping  of 
trades  is  easily  explained  either  by  technical  or  hygienic  causes  still 
existing  in  some  cities,  such  as  the  necessity  that  tanners  and  dyers 
be  near  some  water,  that  ropemakers  be  near  some  walls,  or  by  l^al 
requirements,  sucli  as  city  tax  and  r^ulations  imposed  on  the  cor- 
poration, and  the  localization  of  trades,  whereby  the  authoritieB 
maintain  competition  and  render  easier  the  control  of  merchandise.* 
In  another  case  the  trades  have  not  all  come  at  the  same  time,  but 
have  been  succeesrvely  engaged  in  promoting  the  extension  of  the 
city.  Finally,  the  professional  group  is  not  only  an  economic  factor, 
but  it  is  often  still,  according  to  M.  Renfi  Maunier,  a  society,  a  brotiter- 
hood,  which  constitutes  in  its  membership  a  real  community  of  life 
and  which  requires  that  they  be  near  together. 

In  proportion  as  the  city  is  developed,  the  trades  would  be  multipKod 
and  decentralized,  they  would  follow  the  consumers  and  be  dispersed 
with  them;  then,  when  the  city  ceases  to  be  their  chief  market,  new 
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industries  are  estftblished  on  the  boundarr  and  even  outoide  the  city. 
Berlin  haa,  in  thb  way,  developed  industrial  establishments  directly 
dependent  upon  that  city  covering  a  radius  of  100  kilometers.  There 
is  also  a  financial  reason  for  this  spreading  out,  and  that  is  the  decrease 
in  average  location  values  from  the  center  toward  the  boundary. 

III.  URBANI8M  IN  THE  NINETEENTH  CENTURY, 
(a)  Gmkhupkkai.  Sitdation. 

The  formation  of  centen  of  population  and  of  waya  of  communica- 
tion which  unite  them  is  determined  at  once  by  conditiozu  dependent 
on  man,  based  on  the  degree  of  culture  and  on  pditical  considerations 
and  by  certain  natural  conditions,  such  as  the  richness  and  lay  of  the 
land  as  well  as  to  other  factors  connected  with  the  climate.*  The 
influence  of  latitude  is  very  mailed.  If  you  look  at  the  annual 
average  isotherms  on  a  map,  you  will  see  that  the  most  important 
city  a^regations  of  the  Northern  Hemisphere  are  grouped  chiefly 
betweenthe  extreme  limits  of  I6°C.  (60°?.)  (St.  Louis,  Lisbon,  Genoa, 
Rome,  Constantinople,  Shanghai,  Osaka,  Kioto,  etc.),  and  4°  C. 
(40°  F.)  (Quebec,  Christiania,  Stockholm,  St.  Petersburg,  etc.). 
The  isothram  10°  C.  (50"  F.)  represents  accurately  enough  the  central 
axis  of  this  zone,  within  which  are  found  Chicago,  New  York,  London, 
Vienna,*  etc.  The  Tropical  Zone  includes  only  24  cities  of  more  than 
100,000  inhabitants,  15  of  which  are  in  Asia,  6  in  America,  2  in 
Oceanica,  and  1  in  Africa. 

High  altitudes,  like  extreme  temperatures,  diminish  populations, 
which  disappear  completely  at  a  certain  limit.  In  Europe  the  inhab- 
ited centers  only  exceptionally  exceed  an  altitude  of  1 ,500  meteiB(5,000 
feet).  But  in  the  Tropical  Zone  it  is  natural  that  populations  ee^ 
hif^  altitudes  so  aa  to  profit  by  the  lowering  of  the  temperature  and  to 
derive  benefit  from  a  temperate  climate.  In  Abyssinia,  the  inhabited 
zone  ia  almost  entirely  included  between  1,800  and  2,500  meters  alti- 
tude. Sana,  in  Arabia,  is  2,150  meters  high;  Teheran  (250,000  pop- 
ulation) is  at  a  height  of  1,230  meters.  In  'Hbet,  Laaaa  ia  3,560 
meters  high  and  Cbigatze  3,620  meters.  From  Mexico  to  Chile,  aside 
from  some  ports  on  the  ocean,  in  neariy  every  instance  you  must  seek 
above  2,000  meters  for  the  most  important  cities.  Mexico  City  at 
2,300  meters  numbers  more  than  300,000  inhabitants;  Quito,  with 
80,000  inhabitants,  is  2,850  meters  high ;  La  Paz,  with  63,000  inhabi- 
tanta,  2,700  meters;  and  Potosi,  witii  16,000  inhabitants,  is  at  an 
elevation  of  4,000  meters  •  (13,000  feet). 

ca  conununlcatian*.  BuUsttn  da  te  BodM  reyala  balfi  da 
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The  site  plays  a  rdle  not  less  important  than  the  general  ger^raphical 
position.  You  can  consider  this  from  a  triple  point  of  Tiew:  From 
topographical  location,  situation  in  relation  to  means  of  communica- 
tion, and  geological  composition.  The  topographical  point  of  view 
is  sometimes  of  great  importance,  as  when  tlie  city  must  first  of  all 
think  of  means  of  defense;  it  is  preferable  to  look  for  heights.  What 
is  of  chief  importance  to-day  is  facility  for  construction  and  for  expan- 
sion ;  land  flat  and  solid,  and  extended  enough.  We  will  return  now  to 
a  study  of  the  plan  of  cities.  The  general  situation  certainly  precedes 
the  local  site.  Thelocating  of  manufacturing  eetablisbments  is  depend- 
ent on  the  locating  of  means  of  communication.  The  great  cities  are 
situated  on  the  banks  of  rivers,  of  lakes,  or  seas;*  they  have  sprung 
up  along  railway  lines ;  their  development  is  dependent  on  the  impor- 
tance of  the  circulation;  when  that  ia  turned  aside  the  city  is  ruined 
(Le  Cap).  According  to  its  geological  constitution,  a  city  ezerta  its 
influence  uther  through  the  presence  of  fertile  soil,  suited  to  agricul- 
ture, or  by  the  presence  of  mineral  wealth,  coal  or  metallic  ores, 
which  have  promoted  the  creation  of  great  industrial  cities. 

(6)  EajuH  Factors. 

Urbanism  is  a  phenomenon  of  great  complexity  which  can  be  sim- 
plified only  at  the  expense  of  very  close  study.  An  examination  of 
geographical  conditions  ia  necessary  but  will  not  alone  suffice.  Human 
factors  play  a  considerable  rOle  not  only  in  the  past,  as  we  have  already 
seen,  but  even  more  in  the  present.  Very  large  cities  arose  during 
the  nineteenth  century.  In  1801  there  were  inEurope,  accordingto 
M.  Paul  Meuriot,'  only  21  centers  with  more  than  100,000  inhabitants; 
22,  perhaps,  with  Constantinople. 

FOPUl^TIOM  OF  THE  PBINCIPAL  dTIBB  Or  imOPK  Of  ISOl. 

Great  Britaiit  and  Ireland:  London,  958,000;  Dublin,  140,000i  Edinbuigfa,  SS.OOO; 
Liverpool,  82,000;  Mancheeter,  76,000;  fiirmin^un,  70,000;  Brietol,  61,000;  Leeds, 
53,000. 

France:  Paria, 548,000;  Marseille,  111,000;  Lyon,  100,000;  Bordeaux, 91,000;  Souen, 
87,000;  Naotee,  73,000;  LiUe,  54,000;  Toulouse,  50,000. 

Belgium:  BrusHle,  66,000;  Antwerp,  62,000;  Gand,  56,000;  Liege,  50,000. 

Holland:  Anuterdam,  216,000;  Rotterdam,  50,000;  The  Hague,  38,000. 

Germany:  Berlin,  173,000;  Hamburg,  100,000;  Dreedeu,  Breslau,  and  KonigBberg, 
60,000;  Cologne,  50,000. 

AuBtria  and  Hungary;  Vienna,  231,000;  Prague,  70,000;  Budapest,  5j,000;  L^nberg, 
48,000. 

Italy:  Naples,  360,000;  Bome,  170,000;  Milan,  170,000;  Venice,  150,000;  Ptlenno, 
120,000. 

■  Ot  2g  cltka  D[  ovar  11X1,000  Inhsljltuita  ■ocordlnc  Co  tha  cxanu  Dl  igBl,  14  ara  ports. 
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Spain:  Madrid  and  Barcelona  more  than  100,000. 

Portugal:  Liabon,  more  than  100,000. 

Runia:  St.  PeteiBbuig,  Mokow,  Vaisovie,  mora  than  100,000. 

In  1850  the  number  of  cities  over  100,000  inhabitants  had  increased 
to  42  (3.8  per  cent  of  the  total  population);  to  70  (6.6  per  cent)  in 
1870;  to  121  (10  per  cent)  in  1896;  to  160  at  the  opening  of  the 
twentieth  century.  In  1900,  23  cities  exceeded  500,000  inhabitants, 
6  numbered  a  million  each. 


Qreftt  Britain  (1907):  S8  citiee  of  more  than  100,000,  of  which  14  exceeded  250,000, 
aa  followa:  London,  4,768,000  (registration  London)  or  7,218,000  for  Greater  London; 
Glasgow,  848,000;  Liverpool,  746,000;  Uanchester,  643,000;  Birmingham,  653,000; 
Leeds,  470,000;  Sheffield,  455,000;  Briatol,  368,000;  Edinburgh,  346,000;  Weot- 
Hara,  308,000;  Bradford,  290,000;  NewcaaUe,  273,000;  Kingrton-upon-HuU,  267,000; 
Nottiiigham,  257,000. 

Ireland  (1901):  2  cities  of  mora  than  250,000;  Dublin,  373,000;  Belfaat,  360,000. 
All  the  others  less  than  100,000. 

Franco  (1906):  15  cities  mora  than  100,000,  of  which  4  exceed  250,000,  aa  follows: 
Paria,  2,763,000;  Mareoille,  617,000;  Lyon,  472,000;  Bordeaux,  252,000. 

Belgium  (1906):  4  cities  of  more  than  100,000,  of  which  2  exceed  260,000,  as  follows: 
Brussels,  623,000  (with  its  faubourgs);  and  Antwerp,  304,000. 

Holland  (1906):  4  cities  of  mora  than  100,000,  of  which  2  exceed  250,000,  as  follows: 
Amsterdam,  564,000;  Rotterdam,  390,000;  and  The  Hague,  249,000. 

Germany  (1905):  41  citiee  of  more  than  100,000,  of  which  11  exceeded  or  reached 
260,000,  aa  lollowa:  Berlin,  2,040,000;  Hamburg,  803,000;  Munich,  539,000;  Dres- 
den, 617,000;  Leipzig,  604,000;  Brealau,  471,000;  Cologne,  429,000;  Frankfort, 
335,000;  Nuremberg,  294,000;  Duneldorf,  263,000;  Hanover,  260,000. 

Auatria-Hungary:  9  citiee  of  more  than  100,000,  of  which  2  exceed  260,000,  as  fol- 
lows: Vienna,  2,000,000  (in  1907);  and  Budapest,  732,000  (in  1900). 

Switzerland:  3  cities  of  more  than  100,000 — Zurich,  Bile,  and  Geneva — but  none 
reaching  250,000. 

Italy  (1901):  11  cities  of  more  than  100,000,  of  which  6  exceed  260,000,  as  follows: 
Naples,  664,000;  Milan,  493,000;  Rome,  463,000;  Turin,  336,000;  Palermo,  310,000. 

Spain  (1900):  7  cities  at  least  100,000,  of  which  2  exceed  260,000,  as  follows:  Madrid, 
540,000;  and  Barcelona,  533,000. 

Portugal  (1900):  2  cities  of  more  than  100,000,  of  which  1  exceeds  250,000,  namely, 
Lisbon,  356,000. 

Greece  (1906):  1  city  of  170,000  (Athens).    All  the  others  lees  than  100,000. 

Turkey  in  Europe  (recent  figures):  2  cities  of  more  than  100,000, 1  of  which  exceeds 
260,000,  namely,  Constantinople,  1,106,000. 

Roumania  (1899).  1  city  of  270,000  (Bukareat).    All  the  othara  less  than  100,000. 

RuEBia  in  Europe  (1900-1907):  14  cities  of  more  than  100,000,  of  which  7  exceed 
250,000,  as  follows:  St.  Petersburg,  1,429,000  (in  1905);  Moecow,  1,359,000  (in  1907); 
Vatsovie,  756,000  (in  1901);  Odessa,  450,000  (in  1900);  Lode,  352,000  (in  1900);  Kiew, 
310,000  (in  1902);  Riga,  282,000. 

FinLind  (1905):  1  city  of  117,000  (Helsingf<M}. 

Denmark  (1906):  1  city  of  514,000  (Copenhagen)  with  its  laubou^.  All  the  others 
eas  than  100,000. 
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Sweden  (1906):  2  cities  of  mora  tiura  100,000,  of  which  1  only  exceeds  SSO.OOO 
(Stockhohn),  333,000. 

Norway  (1900):  1  city  of  228,000  (Christi>niA).    All  the  othm  lew  than  100,000. 

In  France,  from  1646  to  1908,  the  popuUtion  of  the  centers  of  more 
than  2,000  inhabitants  rose  from  24,4  per  cent  to  42.1  per  cent.  In 
England,  according  to  J.  Jamee,  in  1S50  the  rural  balanced  with  the 
city  population;*  in  1901  the  rural  population  represented  only  23 
per  cent  of  the  total.  In  the  United  States,  according  to  the  same 
author,  the  population  of  cities  of  more  than  8,000  inhabitants  rose 
from  3.35  per  cent  in  1790  to  29.20  per  cent  in  1890.  From  1870  to 
1895  the  population  of  Europe  had  increased  20  per  cent;  that  of 
cities  of  more  than  100,000  inhabitants  52  per  cent.  For  each  1,000 
inhabitants  of  our  continent  you  can  reckon  16  in  the  large  cities  in 
1800,  34  in  1850,  63  in  1870,  and  100  in  1895.  In  1800  there  was  one 
city  of  more  than  100,000  inhabitants  for  each  450,000  square  kilo- 
meters,  in  1870  one  for  134,000,  in  1895  one  for  75,000  (P.  Meuriot). 

Among  the  human  factors  of  urbttnism  during  the  nineteenth 
centuiy  must  be  noted  first  of  all  the  decrease  in  the  number  of 
wars,  particularly  since  1816;  the  aboHtion  of  serfdom  which  has 
freed  man  from  the  land;  the  increasing  multiplication  of  state 
offices  and  of  public  functionaries,  obligatory  military  service,  and 
parceling  of  the  land.  Intenstve  culture  and  employment  of  ma- 
chines have  contributed  to  rural  esodus,  encouraged  in  another  way 
by  intense  industrial  development,  made  possible  by  the  introduc- 
tion of  water  power  and  the  employment  of  steam.  It  is  in  England 
and  Germany,  the  two  most  industrial  countries  of  Europe,  that  the 
number  uid  the  population  of  urban  communities  have  made  the 
most  progress  in  the  last  quarter  of  a  century.  Nearly  ooe-fourth 
of  the  population  of  Germany  Uves  in  cities  of  more  than  20,000 
inhabitants.  The  Kingdom  of  Saxony  and  Bhenish  Prussia  are 
great  centers  of  growth  and  attraction  for  the  Empire.  Manufac- 
tures concentrate  the  population,  nevertheless  the  high  cost  of  hving 
in  cities,  the  ease  and  quickness  of  communications,  and  the  reo^t 
employment  of  water  power  commences  to  work  to  the  contrary. 
Trade,  like  manufactures,  concentrates  population;  the  market  helps 
to  keep  the  workman  in  the  city,  and  all  commercld  oiganizations 
are  established  in  great  centers.  You  may  say  that  these  ars 
developed  through  the  requirenwnts  of  trades.  Besides,  com- 
mercial needs  attract  manufactures,  and  the  latter  often  changes 
with  the  port  or  simply  with  the  market.  It  is  for  this  reason  that 
ports  become  more  and  more  industrial  cities. 

It  is  chiefly  through  migrations  that  cities  are  developed.  Accord- 
ing to  M.  Levasteur,  the  attractive  force  of  human  groups  is  in  gen- 
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tnl  proportioiute  to  the  mass.  fTliis  explains  why  sonw  cities' 
number  millioiu. 

Inunigration  to  dties  is  seasonal,  as  in  the  case  of  house  buildeis, 
diough  mQre  often  it  is  pemuuMnt,  irith  the  intention  of  etaTing  for 
a  considerable  period,  but  retaining  the  hope  of  return  to  the  modest 
provincial  country.  Aa  a  general  rule,  the  attraction  toward  the 
caty  is  inversely  proportional  to  the  distance  and  to  the  comparative 
ease  of  the  home  life  of  the  emigrants.  According  to  M.  Paul 
Meuriot,  the  attraotive  force  of  Paris  is  exerted  chi^y  over  a  radius 
of  about  250  kilotneteiB.  In  London  the  proportion  of  inhabitants 
furnished  by  each  r^on  or  eoun^  is  also  naturally  inverse  to  their 
distance  from  the  metropoliB.  The  immigration  to  Berlin  is  mostly 
PrusEdan.  In  France  the  provincial  centers  become  more  and  more 
important  and  divMl  to  their  pn^t  a  pfut  of  the  mnigration  in  their 
r^on,  but  the  superior  forces  of  administrative  centralization 
favor  and  develop  the  exodus  toward  the  capital.' 

Emigrants  tend  to  group  themselves.  These  groups  are  chiefly 
by  professions  in  the  Provinces;  but  th^  are  by  nationalities  in 
the  great  cosmopolitan  cities,  suc^  as  New  York,  where  there  is  a 
Jewish  quarter,  an  Italian  quarter,  a  Chinese  quarter.  Societies  for 
recreation  or  for  benevolent  purposes  are  organized  among  emigrants 
of  the  same  section  or  the  same  nationality. 

M.  P. Meuriot  has  stated  that  fiJrmfflrlythe  name  "city"  was  based 
leas  on  the  numbw  of  inhabitants  than  on  the  leading  features  and 
the  special  advantages  of  the  communities.  In  Wance,  in  England, 
and  in  Germany  the  title  "city"  is  chiefly  resepved  for  those  groups 
which  have  had  a  particular  political  position.  On  the  other  bond, 
every  community  called  rural  ia  not  necessarily  agricultural,  but  is 
supported  sometimes  by  manufocturee.  Inversely,  the  great  markets 
are  only  agricultural  communities.  Rural  grouping  is  ^laracterized 
chiefly  by  a  uniformity  in  methods  of  hving,  while  the  rule  of  city 
grouping  ia  the  diversity  of  life. 

(i)  ExriuoK  CEASAonB  or  Cnna. 

lie  growth  of  cities  has  first  of  all  caused  the  disappearance  of 
the  walls  which  formerly  surrounded  nearly  all  of  tlum.  Hieir 
rural  aspect  baa  disappeared,  notwithstandii^  the  frequent  pres- 
ence of  vacant  land  within  their  limits.    The  presence  of  factories 

>  FT^MtioastimtlMpoiiatatlaaaldtlM:  I.MdBB(UBl),MpKi»nl;  VIaBnCUM)l,M.7pvMB«  BmUh 
(MO),«lIiercaDt;  St.  PnenbiiTi(UtD),31.7pwoaDt;  P«ili(lStl),3Mp(rceaL  Comp««  A.  7.  Webs. 
TtepawthottbBdtlulntliBnlDataatlxnntaiy.    A  itody  In  itattitltt.    Lmdon,  Kitlp,  18W. 

•  In  UOI,  la  ft  ]«qMlatton  of  3,THBH,  Pirla  liwl  l;a»MM  ffi>TliHiita,«d  U IM  M  dlMik«  «r  irank  talr 
ooa,  tb*  tmntiMti,  ibowad  ■  m^orl^  al  Farlilut.  tIm  mtlTe  depKtniKiti  of  Uw  WBlpanto  wm.  In 
«dv  of  ImpoitaiM:  SalDMMHn,  Kfim  SaloMt-lfanM,  IT^U;  Nord,  Bl^Hk  Mtam,  SMW  ham. 
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has  been  the  principal  cause  for  the  creation  of  outskirtB  and  Emburbs 
of  an  extensive  character.  Densitj  of  population  is  generally 
greater  in  the  center  than  on  the  outekirts,  but  as  the  dwellings  and 
the  lands  are  more  Taluable  there,  an  inverse  movement  has  begun, 
encouraged,  too,  by  hygiene,  for  the  air  is  better  at  the  boundary 
than  at  the  city  center. 

The  direction  of  extension  depends  chiefly  on  geographic  and 
economic  conditions,  and  cities  spread  out  much  more  rapidly 
when  these  conditions  are  favorable.  Bound  between  natural 
insunnouatable  obstacles,  the  sea  or  rivers,  cities  push  skyward, 
as  in  New  York,*  where  one  sees  buUdings  erected  from  30  to  40 
stories  high.  But  if  there  are  no  constraints  for  looking  in  any 
other  direction  for  space  needed  lor  their  development  the  sdvtmce 
is  preferably  toward  the  west.  The  prevailing  direction  of  winds 
from  the  west,  driving  back  unhealthy  odors  toward  the  east,  render 
westerly  sections  more  healthy.  Paris  and  London  o£fer  examples 
of  this  phenomenon.  The  public  square  is  no  longer  the  stage  for 
enacting  the  leading  somes  of  pubUc  life;  its  r6le  is  to  relieve 
monotony,  to  provide  more  air  and  %ht.  The  market  square 
still  exists,  but  it  tends  more  and  more  to  be  replaced  by  closed 
markets.  They  are  hardly  anything  else  in  the  south  of  Europe, 
especially  in  Italy,  where  the  squares  still  conform  to  tiie  old  type. 
According  to  M.  C.  Sitte,  experience  shows  that  the  minimum  dimen- 
sion of  a  public  square  should  be  equal  to  the  height,  and  its  maxi- 
mum should  not  exceed  double  the  height  of  the  prin«»pal  edifice, 
but  there  must  equally  be  taken  into  account  the  width  of  the 
adjoining  streets.' 

THE  8TRXBT. 

Streets  are  sometimes  so  narrow  and  lateral,  roads  so  few,  that 
the  way  becomes  a  closed  place,  very  agreeable  to  the  esthetic  eye. 
Their  winding  constantly  shuts  out  the  perspective,  and  at  each 
instant  presents  a  new  horizon.  The  straight  street  prevails  to-day, 
particularly  in  new  cities,  such  as  those  in  America,  where  the  streeia 
cross  at  right  angles,  so  as  to  form  a  regular  draught  board.  The 
effect  produced  depends  on  the  proper  proportion  between  the 
width  of  the  street  and  the  height  of  the  buildings,  and  also  on  the 
architecture  of  the  structures. 

OFIN  8PA0BS  AND  OIU»  PLOIS. 

Hy^ene  is  more  and  more  occupying  the  attention  of  mumci- 
palities  of  large  cities.  One  notes  that  in  Paris,  for  example,  the 
mortality  from  tubeotsulosis  diminishes  in  proportion  to  the  extent 

1  ComiMie  Plem  Chcget.    VWrn  M  todM  amMnlnM.    B«nia  d»  rabomi,  Iludi-Apri).  IKXt. 
I  Cunino  Htte,  L-ut  4b  Utfr  In  Tflta.   Tmnlatlall  utd  wkpMltD  tif  C.  lEwttn,  Oaon*.   Bmlto 
l[agDB,L>isthBtlqtiadeiTl11a.    Pirii,  Ifaniiin  da  Fnan,  IMS.    K.  Rjtin,L'«ataatlqn>4slann.    Fvh 
He,  IWI. 
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of  open  spnoee.  The  caefficisnt  Taries  from  104  per  10,000  in  the 
crowded  quarters  to  11  per  10,000  near  the  Champs  Elys^.  That 
is  why  the  English  call  ^e  parks  "the  lungs  of  London."  >  A  park 
that  is  large  enough  is  a  reeervoir  of  pure  aJr,  and  the  trees  that 
encompass  and  protect  it  form  a  very  efficient  natural  filter  in  stop- 
ping the  clouds  of  dust  from  the  streets  and  rendering  healthy  the 
amhient  air.  While  London  has  290  parks  or  squares,  whose  total 
area  is  752  hectares  (1,859  acres),  and  Berlin  20  parks  of  554  hec- 
tiires  (1,368  acres),  Paris  has  46  parka  of  only  263  hectares  (649 
acres).  This  is  not  enough,  though  active  steps  are  being  wisely 
taken  to  increase  the  extent  of  the  parks,  and  with  that  end  in  view 
it  is  proposed  to  reserve  the  space  now  covered  by  the  fortifications. 
The  movement  in  favor  of  open  spaces  and  for  plant  growth  in  the 
cities  is  manifest  in  England  and  the  United  States  in  very  extensive 
work  for  laborers'  gardens  and  in  the  creation  of  public  gardens,  a 
work  which  an  association  has  planned  to  promote  in  France.* 

UBBAN  CIBOULATION. 

M.  E.  Hfinard,  in  hia  £)tudes  sur  les  transportations  de  Paris, 
ingeniously  distinguishes  six  kinds  of  circulation:  The  household 
circulation,  the  professional  circulation  flowing  at  the  hours  of 
opening  and  closing  of  offices  and  shops,  the  economic  circulation, 
the  fashionable  circulation,  the  hoMay  circulation,  and  the  popular 
circulation.  You  might  also  add  the  tourist  circulation.  These 
several  kinds  of  circulation  present  as  a  whole  a  series  of  problema 
which,  according  to  M.  de  Foville,  constitute  "the  mechanics  of 
crowds."  The  encumbering  of  certain  streets  goes  so  far  as  to 
obstruct  tuid  congest  traffic.  In  Paris,  for  example,  the  services 
rendered  by  the  general  transportation  companies,  exclusive  of  car- 
riagee  and  long  distance  railways,  but  including  suburban  service . 

ritjoeu.  IfanutacatdonmuDb, JulT,  1S08. 
.  Rbtds  Intaiiuitlaula  de  Ndalc^e,  DecBmbra.  IMS.  Cb.  aida, ' 
iDtenntlotBle,  October,  ltd.  B.  BuhUh,  La  Ibtoou  luiaiala  k 
boomtiTcM.  OvHTk.im.  L'AHO(MlCBdwClU»JudlDidaFmmbHlaUi>lmloBpplytodliialIb« 
[teota  the  laugt  prindiilea  othjtglenK  to  ftnn  modd  Indnsbial  06iltMs;  todaTelapdtririUimioIparki, 
g»Rleiia,ui<I  playgroanda;  toeDcaangeth«ciaBttoDD[otty  gardam.  Entywhoe,  In  the  hctoy,  In  tlia 
dtjiattfaBOntide,  thaaiMClUtonMaki  talntrodiuaoiBtomiolIUsmc(BliealUi7aDd  pleaaantat.  Wa 
nek  to  mate  modal  dtiM  «  TfUa^  Id  ali  tbelc  paita  wbea  that  la  porible.  Wenek  todavdopMCU 
luitltutlDaa  widch  randet  Ilk  men  mardlul  and  mere  efflcadoui.  W«  seek  to  develop  habits  vbkh  shall 
hatter  the  physique  and  mcnli  of  our  taoe.  Wo  snk  to  mate  aaz  Denun  at  olty  UIb  huvb  hcifUaUe  and 
heslthkr.  7oillilsporp(aeirehaT«oOQtilbntedtotheiaiiiaitaiiotelt]'gaTdaiia,to(h«iBanDtianofMdal 
mlfora  In  bdoilei,  to  the  ooMarvatloti  and  axtenifon  ol  open  spaoas  In  larfa  dtln.  How  ona  dnamt 
me  mlnnta  ot  the  eflael  that  would  raralt  In  a  wnkriiop  l>r  the  addHton  ot  windows  to  alknr  the  air,  the 
Ucht,aiidtbesuntoaDtaUiroii|IiolRDiadaT.  HowoDediMmiottIla*fEMtUwoaldliai«ODUMWcikmHi 
to  ^iwB  near  tbdr  work  tabta  soma  Mats  adjusted  b)  their  Aape,  whare  th«7  eoold  be  leatad  wlthcHit  risk 
ofdafarmlty,  Howonednana,fnanottMiiangaofMiai,ofaiannlt«iitthaooanrTatlniafabmuhel 
shmbbary  a  tnei,  or  of  a  patt  In  oowdad  qaacleTi  of  tba  Mf.  The  wMbhop  well  United,  the  Mty  with 
great  open  sparoa,  would  be  baltoc  able  than  the  sanltarionu  with  their  axpenrivB  tnatmmt  to  oombat 
(abBvalaali.  The  Aaoelatlai  or  (My  Oaidens  has  enaled  the  sodal  MrrtM  wUdi  gntoltourir  nnkM 
all  InqniilM  and  ilvii  advice  to  an  irtiD  wish  to  battel  the  eoadUiau  «l  Ufa  In  Mtr  iMMiit  dtlM  v  to  btdU 


...CA>ot^lc 


666  ANNUAL  BBPORT  SMTCHSONIAir  INBTITUTIOK,  1912. 

-  at  iatervala  of  about  26  years,  are  shown  bj  the  foUowiog  figures, 
correspoadiiig  to  the  number  of  passengers  carried,  ec^reesed  in 
iniUioQs: 
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Though  the  movement  of  passengers  incavased  in  such  a  strong 
proportiim,  this  was  not  only  because  of  increase  in  population,  but 
also  because  one  becomes  more  and  more  in  the  habit  of  resorting 
to  a  means  of  transport  to  save  time  in  reaching  a  place.  "Time  is 
money."  In  1846  a  Parisian  used  the  existing  lines  44  times  during 
the  year;  in  1875,  78  times;  in  1904,  2S6  times.  M.  Jenkins  showed 
the  British  Association  that  in  1867  each  inhabitant  of  London  made 
an  average  of  only  23  trips  on  the  city  lines,  whereas  the  correspond- 
ing figure  was  55  m  1880,  92  in  1890,  126  in  1900,  129  in  1901.  The 
same  author  has  shown  similar  averages  in  New  York  to  have  been 
47,  118,  182,  283,  and  320  for  the  years  1860,  1870,  18S0,  1890,  and 
1900.  A  few  years  ago  New  York  had  transportation  facilities  capa- 
ble of  moving  only  1,200  millions  of  passengers,  while  to-day  the 
capacity  is  2,000  millions. 

To  remedy  this  condition  it  is  proposed  to  construct  elevated  side- 
walks or  subways  at  the  street  crossings.  Under  various  methods 
what  is  being  sought  is  movement  at  several  elevations.  In  London 
the  subways  have  two  or  three  tunnels  superposed.  The  metropohtan 
roads  of  Paris  and  Berlin,  the  elevated  roads  of  New  York,  and  the 
subways  of  Boston  are  an  application  of  this  metiiod.  Chi  the  streets 
animal  traction  is  being  replaced  more  and  more  by  electric  traction 
for  tramways  and  automobile  traction  for  single  vehides.  In  Paris 
from  1897  to  1907  the  number  of  horses  decreased  from  92,026  to 
83,458.  City  railways  are  more  and  more  extending  their  zone  <tf 
radiation,  and  in  the  United  States,  for  example,  have  already  com- 
menced to  engage  in  freight  service. 

The  very  high  cost  of  underground  railroads  and  in  a  less  degree 
of  street  railways  have  led  to  the  en^>loyment  of  automobile  traction 
for  sin^e  vehicles.  It  was  only  in  1905  that  the  autobus  appeared  io 
the  streets  of  London,  llie  autobus,  though  len  expensive  to  es- 
tablish than  street  railways,  easily  replaceable  and  with  route  diange- 
able  at  will,  besides  mu6h  faster  than  the  horse  onmU>us,  yet  it  is, 
neTertheleas,  not  free  from  inconvenienoes.    llie  ooet  of  managemrait 
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of  autobus  service  is  greater  than  for  electric  tramways,  and  there  is 
the  noise,  the  odor,  and  the  danger  from  fire  and  accidents.  But  the 
autobus  is  a  new  method,  therefore  susceptible  of  technical  improve- 
ments, and  has  been  called  to  take  a  place  by  the  side  of  the  street 
railway  in  replacing  the  hoise  cars,  a  dearer  and  slower  method. 

(d)  CiTT  Vital  Statistios. 

As  a  general  rule,  city  population  grows  faster  than  the  habitable 
territory,  resulting  at  once  in  an  overcrowding,  particularly  in  the 
workmen's  quortere.  Paris  has  86,000  dwellings  with  an  average  of 
30  to  32  persons  per  house,  while  in  London  this  average  is  only  from 
6  to  7.*  The  number  of  dwellings  tends  to  be  exhausted,  while  the 
lodgers  increase.  In  1896  the  density  of  population  was  326  persons 
per  hectare  (2,471  acres)  in  Paris,  260  in  Berlin,  140  in  St.  Petosburg, 
136  in  London,  and  S6  in  Vienna. 

Overcrowding  is  always  a  sign  of  poor  hygienic  conditions.  The 
atmosphere  is  more  vitiated;  the  townsman  lives  much  more  indoors. 
Likewise  the  city  mortality  is  greater  than  mortality  in  the  country. 
What  chiefly  affects  cities  is  the  proportion  of  deaths  resulting  from 
infectious  disease,  infant  mortality,  and  stillbirths. 

nie^timate  births  and  suicides  are  also  more  frequent  among  city 
dwellers ;  crime  is  greater,  especially  crimes  against  property,  resulting 
from  misery  and  stronger  and  more  numerous  temptations. 

Through  inmiigration,  cities  have  a  greater  number  of  adults,  hence 
a  greater  frequency  of  marriages  and  divorces.  This  is  so  in  cities 
that  are  made  up  in  great  part  of  a  foreign  element.  In  Geneva,  B&le, 
and  Zurich  foreigners  number  more  than  a  ihird  of  the  total  popula- 
tion; Paris  75  per  thousand,  Vienna  22  per  thousand,  and  Berlin  11 
per  thousand. 

Cities  are,  on  the  other  hand,  centers  of  growth  for  democratic  and 
socialistic  ideas;  politi<»  ia  more  advanced.  The  admixture  of  the 
people  is  an  obstacle  to  the  survival  of  particular  languages  and 
dialects.  By  the  force  of  things,  M.  P.  Meuriot  says,  cities  help  to 
unify  the  language,  as  they  also  contribute  to  alter  it. 

Finally,  cities  form  important  centers  of  constmiption.  Their  influ- 
ence is  exerted  over  the  surrounding  regions  that  are  given  up  to 
market  gardening  and  raising  of  fruit,  to  the  rearing  of  cattle  for 
providing  milk.  Their  budgets  increase  and  in  order  to  reduce  the 
fiscal  charges  of  their  taxpayers,  some  cities  have  municipalized  their 
industrial  services,  gas,  water,  electricity,  railways. 

>O.0*d««u.    laTltdwtnmlvOt^UtaB.    Puts,  Banw-Lamnlt,  1808. 
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THE  SINAI  PROBLEM.' 


By  Prof.  Dr.  E.  Oberhumiibr. 


[With  3  pUtefl.] 


Few  unsettled  queationa  in  Biblical  geography  have  been  so  vari- 
ously answered  and  aroused  such  lively  discussions  as  that  of  the 
actual  site  of  Mount  Sinai.  True,  tradition  had  seemingly  long  ago 
solved  this  problem  to  its  own  satisfaction,  for  since  the  days  of  the 
first  Christian  anchorites  (350  A.  D.),  whose  life  in  the  rock  desert  of 
the  Sinaitic  peninsula  Geoi^e  Ebers  depicted  in  such  a  vivid  manner 
in  his  "Homo  Sum,"  the  crystalline  mountain  range  which  fills  out 
the  Bouthem  part  of  the  peninsula,  forming  a  section  of  the  Arabic- 
North  African  tableland,  between  the  Gulfs  of  Suez  and  Akaba,  has 
been  considered  as  the  dwelling  place  of  the  Israelites  after  the  exodua 
from  Egypt. 

Thus  the  oldest  cartographic  representation  which  we  have  of  this 
region,  the  "Tabula  Teutingeriaua,"  a  road  map  of  the  Roman  Em- 
pire, b^ns  with  this  viewpoint.  The  remarkable  illustration  here 
presented  (pi.  I)  unmistakably  delineates  in  outline,  including  the 
two  inlets  or  bays  at  the  end,  the  Sinaitic  peninsula  containing  a 
mountain  inscribed  Mona  Syna,  above  which  appear  the  words  "  Hie 
legem,  acceperunt  in  monte  syna"  (here  they  received  the  law  on 
Mount  Sinai),  and  farther  above  we  read  "Deaertum  vM  qyadraginta 
annia  erraverunt  jUii  israd  ducetUe  Moyae"  (the  desert  where  the 
children  of  Israel  wandered  40  years,  led  by  Moses).  These  words 
obviously  do  not  belong  to  the  original  draft  of  the  road  map,  which 
was  based  upon  Agrippa's  map  of  the  Roman  Empire  in  the  time  of 
Augustus,  but  are,  like  the  words  "  MoTis  oliveH,"  near  Jerusalem,  a 
Christian  addition  of  the  fourth  century.'  But  that  the  localizing  of 
Sinai  on  the  peninsula  was  then  considered  established  is  shown  by 
the  oldest  pilgrim  literature,  such  as  the  Pilgrim  of  Bordeaux  (A.  D. 
333)  and  the  Itinerorium  of  Silvia.* 

I  Tnnalated  by  penntelou,  fimn  DM  Blnatlrvc.  Vcm  PtdC.  Dr.  E.  Oberiiummu.  lUtteiliiiit«ii  <tor 
E.  E.  OMcrmphbcbOi  OCMltacIuft  In  Wkm,  vol.  54,  ISU,  Wlcu,  pp.  a2S-Ul. 

'A.  Elter,  lUimantudlen  (Bonn,  ISW),  p,  IH. 

■  The  latter  ItlnBrary  lias  been  dJaooreied  raeently  (n  lo  Itallen  muiaKr^t  end  wu  uslgned  by  tbe 
flnt  edtCon  (OimQirtnl,  If  omiiuen)  to  BllTiB  ol  AguttanlB  (about  A.  D.  390).  BomTer,  the  last  raeeuohes 
of  B.  Ueliter,  Bbstnjschei  llusnim  U  (IMQ),  seem  to  proie  that  the  author  wu  the  Abbera  Aectttrte  <tf 
Oanl,  Id  the  bagtamlng  of  the  alith  oeDtuT]'.  The  beat  critical  edltkin  of  theaa  and  tha  other  oldest  fttn- 
entrfn  ha«  been  given  by  P.  Oeyar,  lUsann  Hlenoolymltaiia.  Vienna  1898.  A  lepttat  of  "S.  BOvIm 
VmgrbaOa"  baa  atu  been  made  fay  E.  A.  Becbtal,  Cbioaco,  1902. 
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The  second  oldest  cartt^aphic  representation  of  this  r^on,  the 
mosaic  map  of  Madeba  (pi.  2),  dating  from  the  sixth  centut?  and 
discovered  in  1896,  indicates  Sinai  as  a  strikingly  drawn  mountain 
but  without  naming  it.  The  inscribed  I^ends,  -  however,  leave  no 
room  for  doubt;  thus  tpiiftof  aev  mioo  KctnTteii^d^  ro  fiawa  koi  j}  opnjo- 
/ofrpa  (the  desert  Sin  where  the  manna  was  sent  and  the  quail), 
aJmost  word  for  word  after  the  text  of  Silvia:  "Oatenderunt  et 
mum  locum,  uhi  eis  jduU  manna  et  coturmces"  (they  showed  also 
that  place  where  the  manna  and  quails  fell  for  them).'  On  the  left 
side  imdemeath  it  we  read,  PatptScp.  ev9a  eTtsiSovrc  -cut  Apai^K  o  lapa^X 
atoit/aiatv  (Repbidim,  where  Israel  fought  the  advancing  Amalek.) 
Below  the  Sinai  Mountain  (the  map  being  oriented  toward  the 
east,  north  is  on  the  left)  on  the  map  (pi.  2)  is  still  seen  the 
eastern  branch  of  the  Nile,  wbich  runs  off  from  the  main  river 
and  which  is  designated  aa  the  U-^iouaaiKiv  azi/ia  (mouth  of  the  Fe- 
lisium),  after  the  boundary  city  of  Peluaion,  of  which  the  initial  part, 
n^iouo,  written  vertically,  is  still  to  be  seen. 

It  is  remarkable,  on  the  other  hand,  that  the  oldest  work  on 
Biblical  gec^aphy,  the  Onomasticon  of  Eusebius  (died  in  340  A.  B.) 
places  Horeb  in  Midian.*  Xuipii^.  Spoc  -cm  OsoO  h  zi^PV  MttStAfi.  laipA- 
KStztu  Tip  ipt{  leva  Imip  r^f  'Apa^iav  hci  r^c  ipfifoo  (Horeb,  the  motm- 
tain  of  God,  is  in  Midiui;  near  the  mountain  bee  Sinai;  opposite 
Arabia  in  the  desert),  to  which  St.  Jerome  in  his  Latin  edition  of 
the  work  remarks :  ' '  m^i  autem  videiur  guod  dupliei  nomine  idem  mont 
nunc  Sinai,  rvunc  Choreb  vocetur"  (it  seems  to  me,  however,  that  one 
and  the  same  mountain  is  designated  by  the  double  name,  being 
now  called  Sinai,  now  Horeb).  Antonius  of  Placentla  (570  A.  D.) 
also  distinguishes  between  Horeb  and  Sinai."  The  two  different 
names  in  the  Bible,  which  have  engaged  the  attention  even  of  recent 
investigators,  are  now  explained  by  the  difference  in  the  sources  of  Uie 
Biblical  account  (Horeb  in  the  Elohiat,  Sinai  in  the  Jahvist,  etc.). 

After  the  erection  of  the  famous  monastery  of  St.  Catherine  under 
Justinian  I  (sixth  century)  at  the  latest,  Jebel  Husa  ("Moimtain  of 
Moses"),  2,292  meters  (-^^ 7,520  feet)  high,  which  the  highest  peak  in 
the  south,  Jebel  Katerin  (2,606  meters=8,7I2  feet)  exceeds  by  about 
300  meters  (1,000  feet),  was  firmly  establiahed  by  tradition  as  the 
mountain  of  the  giving  of  the  law.  This  tradition  was  first  ques- 
tioned by  the  renowned  traveler,  Johaim  Ludwig  Burckhardt,  who 
traversed  the  Sinaitic  Peninsula  in  1S16  and  expressed  the  opinion  that 
older  tradition  was  in  favor  of  Jebel  SerbW,  wMch  rises  to  an  imposing 

iDlBl|iuIkkaiteTOaHkd*ba,huuu|V>bciSTaDQutb*,I.(L«feaJ(,l«M),PlBtwVuKlX.  A.Jaenb. 
Dm  (K«nphiBctn  Ibaalk  TOD  lbd«b«  (La^Bll,  1 W),  p.  44.  A.  BotiuilaD,  nisHMalkkuta  mnllMUb* 
(Bnlbi,  IBOOJ,  p.  XI. 

1  Em.  Onoin-,  barui^Bgaben  tod  E.  lOMKnaai  (Le^l(,  IMM),  p.  ITU 

>  Q»Jtir,  op.  at.,  p.  183. 
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haght  (2,060  metera'-6,7S0  feet)  frmn  tbe  oasis  of  Fii^n,'  near  the 
vest  boidw  of  the  mountun  range.  Eminent  inreBtigators,  such  aa 
the  Egyptologists  Biohard  Lepeiua '  and  George  Eb«s,'  followed  him 
in  this  view  and  attempted  to  prove  that  the  earlieet  Christian 
tradition  assigned  ihe  event  to  JebeL  Serb&l  and  that  it  was  only 
because  of  the  founding  of  the  monastefy  by  Justinian  that  the 
tradition  was  changed  to  Jebel  MAai.  The  msjoiity  of  investigatois 
held  to  the  tradition  which  had  prevailed  through  the  conttuies  and 
sharply  opposed  the  new  hypothesis.  Karl  Ritter  *  in  his  work  sums 
up  all  the  knowledge  and  investigatiDOfl  on  this  subject  down  to  1848; 
it  is  the  most  comprehensive  description  of  the  Sinaitic  PeninBula  and 
is  not  yet  superseded  by  any  similar  work,  and  especially  Konstantin 
Tischendorf.'  But  the  war  cry,  "Here  Serbfil,  here  Jebel  Mdsfi,"  is 
not  yet  silenced. 

All  theae  investjgatois  started  from  the  seemingly  self-assumed 
presumption  that  the  route  of  the  Israeditee  from  the  "Red  8ea," 
that  is,  from  the  north,  end  of  the  Gulf  of  Suez,  led  through  the 
mountain  range  to  which  modem  geogr^>hy,  in  agreement  witii  tra- 
dition, gave  Uie  name  of  ^nai;  the  native  population  designates  it 
simply  el-Tur  ("The  mountain,"  compare  Taurus).  But  opposed 
to  this  assumption  there  has  been  of  late  asserting  itself,  with  con- 
stantly increasing  force,  the  vieiw  that  the  stage  of  events  described 
in  the  Book  of  Exodus  was  not  at  all  on  the  Sinaitic  Peninsula,  but  is 
to  be  sought  east  of  the  valley  called  al  Araba,  which  connects  1^ 
Akaba-l»ake  with  die  Jordan  depression.  With  this  view  another 
assumption  gains  in  importanoe,  namely,  that  the  Sinai  of  the  BiUe 
must  have  been  a  volcano.  In  contrast  to  the  old  explanatiDns  which 
compared  the  phenomena  desoribed  in  the  Book  of  Ezodua,  with  a 
heavy  thundeirstorm,  such  as  do  indeed  aometimes  occur  in  the  watn'- 
lesB  Sinaitic  Peninsula,  the  unmistakable  similarity  of  those  desmp- 
tioQS  with  ft  volcanic  emotion  was  now  pointed  out.  The  first  to 
present  this  new  view  wbs  the  Engliah  geographer  Charles  Beke,  who 
had  rendered  much  service  in  the  exploration  of  Africa.*  In  a  special 
monograph'  and  in  a  communication  to  the  "Athemeum"*  he  gave 
egression  to  the  view  that  the  occurrences  related  in  the  Bible  must 
have  been  of  a  volcanic  nature,  and  at  the  same  time  called  attention 
to  the  volcanic  regions  of  northwest^n  Arabia,  especially  to  the 

I  Raton  to  Syrisn  (Waliiur,  1814),  pp.  B64L 
■  Briete  laa  Agyptaa  (B«rilii,  lgG2),pp.  MOlI,  11711. 

•Diuch  OossQ  nun  Bbud  (LolpiJl,  lS7X),p.  3Slt.    Pkltallii*  In  Wort  uod  BUd,  1883,  Tol.  II. 
>  Die  Krdhmda,  pvt  14  (1848). 
>Aiu  dsm  hHlli(Bii  Lutda  {LalpilK,  ISffl),  p.  8111. 

•Compare  PeUrmum's  Hlttdlmiien  (1S7G),  p.  48t;  F.  Embocber,  Lei.  d.  R<dseii  (lSt2),  p.  30t;  AlU- 
boDe,  Diet  olSns.  UL,  Buppl.  I. 
'Uoiuit  SInal  ■  Viibiaiu  (LandoD,  1873),  IS  pp. 
im,  IS73,pp.iai,314f. 
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Harrat  en-Nar,^  northeast  of  Medina  (26°,  30'  N.,  40°  E.),  which  was 
still  active  in  historic  times.  Beke  himself  in  advanced  age  imdertook 
a  trip  to  the  Orient  in  order  to  solve  tliia  queetion.  Prompted  *  by  a 
remark  in  the  work  of  Irby  and  Mangles,*  who  believed  they  had  found 
volcanic  peaks  northeast  of  Akaba,  he  ttimed  his  attention  to  the 
mountain  which  towers  above  the  northern  point  of  the  Onlf  of 
Akaba  in  the  east  and  believed  that  he  had  found  the  tme  Sinai  in 
Jebel  Bftghir,  1,600  meters  (5,250  feet)  high,  supposedly  also  called 
Jebel  en-N&r  ("Mountain  of  Light"),  five  to  six  hours  distant  from 
Akaba.*  His  companion,  Milne,  who  afterwards  became  famous  as 
an  investigator  of  earthquakes,  ascended  the  mountain  and  Beke  had 
the  disappointment  to  learn  that  it  was  not  a  volcano,  but  was  of 
granite  formation.  But  instead  of  drawing  from  this  the  conclu^on 
that  Smai  must  be  sought  elsewhere,  Beke  held  firmly  to  his  localiza- 
tion and  gave  up  his  volcano  theory.  "I  was  thoroughly  mistaken 
about  tiie  volcanic  character  of  (the  true)  Sinai,"  he  wrote  to  his 
friend,  R.  Burton,*  and  in  a  similar  way  he  expressed  himself  in  hia 
interesting  notee  which,  after  his  death,  (July  31,  1874),  were  pub- 
lished by  his  widow  (unfortunately  without  a  map).'  But  hia  other 
reasons  also  for  localizing  Sinai  near  Akaba  were  already  shaken  by 
Burton.'  He  agrees  with  Beke  in  opposing  the  traditional  Sinai,  but 
thinks  of  the  Desert  of  Pharan,  north  of  the  Sinaitic  Peninsula  and 
refers  to  a  paper  by  H.  Grfttz,*  who  takes  his  stand  for  the  Jebel 
Arajif  en-Naka  (30°  20'  N.,  34°  20'  E.). 

The  now  almost  forgotten  position  of  the  English  geographer  and 
Biblical  investigator  Beke  on  this  question  has  been  dwelt  upon  at 
some  length,  in  order  to  establish  his  priority  in  a  problem  upon 
which,  through  recent  investigations,  unexpected  light  has  been  shed. 
I  pass  over  the  recent  Uterature  on  the  Sinaitic  Peninsula  as  such.  It 
is  recorded  in  laj  reports  on  the  geography  of  the  ancient  world.* 
By  the  last  one,  whidi  has  been  recently  published,^"  I  was  induced 
to  try  a  clear  review  of  the  whole  story.    Only  the  changing  views 

is«ebfiDw,p.eT8. 

<  Bea  lettai  la  ttw  Attammun,  1874,  p.  a. 
■TlKTsla  In  Elypt  (Landon,  IW). 

•  TliB  nutuB  glvEn  by  Bake  Mem,  u  Bnrton  (m  below}  ilieady  has  poluted  out,  to  nat  on  *  mlnmder. 
standliig.  Aceordlni  to  A  UubU,  AnbtoPetma,  II,  1,  and  Us  "Eute  von  Arabia  Petraes"  (Vleniia, 
1107),  UiBTBUaywUcb  tnmttiaiiartbaaatopecia  near  Akaba  taMUadWadlgl  liunand  the  moDliWn 
north  ol  It  label  Banim.  Beke's  Jebal  BAgbli  (also  sp^ed  Bargblr)  seema  to  be  In  the  Wdl  of  Bhekh 
ICbaiiimad  Bkkor,  whiob  ii  attoated  upon  ■  hill  bt  which  the  Wadl  Radda  leads  Irom  the  Wadl  el  Jltm. 
BU«k«r,  It  li  true,  mocttoiu  even  In  tba  latest  (Ttb)  edition  ol  hli  "PalbthiauTid  Syiien"  (1810),  p. 
IDT,  Uw  Jebal  Barrtr  or  lebal  en-MCLr,  4  to  {  houia  [rom  Akaba.  This  ootlDe  goes  back  to  Beke.  as  may  be 
tdlowed  up  through  all  the  edlttona,  and  lacti,  as  there,  a  mora  accmte  determination  oI  the  place. 

•  The  Luid  ot  UhUMi,  1, 299. 

•  Beke's  Dboovarles  oI  Shial  la  Arabia  and  d1  Indian  (London,  ISTg),  pp.  382, 439. 

<  Op.  dt  and  Joonul  ol  the  Royal  Qeoersphloa)  Society,  49  ( 1879},  pp.  42t,  481. 

■UonatasDhclIt  IDr  Oeaahlchle  nnd  Wtnetiiahan  d«  ludenthunu,  1^,  pp.  39T-3K).  Dlustntlon  ut 
Jabtf  Arallttn  Ungll's  Arabia  Peliaea,  tl,  3,  p.  108. 

•  OMcrkphlaohM  Jahtbooh,  iwt,  iwg^  igw. 
■•Ibid.,  1911,  pp.  3020. 
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about  the  site  of  the  Biblical  ^nsi  are  heare  to  be  followed  up.  In 
this  undertaking  it  ia  obviously  presupposed  that  the  Biblical  acoount 
has  at  least  in  the  geographical  sense  a  real  background.  The  question 
of  its  historical  credibility  doee  not  oonoem  me.  Bernhard  Stade  * 
thou^t:  "What  we  now  read  about  it  in  the  Book  of  Exodus  is 
really  an  early  myth  disguised  as  history  and  therefore  equipped  with 
historical  and  geographical  details.  To  follow  up  the  route  taken  by 
Uie  Israelitee  is  just  as  important  as  to  investigate  the  one  made  by 
die  Burgundians  on  their  jouniey  to  King  Gtzel  in  the  Nibelungen- 
BBge."  The  journey  of  the  Burgundiana  to  £jng  Etzdi  is  mythical, 
but  the  description  of  the  places  along  the  Danube,  where  Vienna 
emerges  from  Uie  obscurity  of  long  centuries  as  a  flourishing  and  fes- 
tive city,  is  real  and  tangible.  Hae,  too,  a  remark  of  Moltke '  on  the 
stage  of  the  earliest  Roman  history  holds  good:  "A  narrative  maybe 
historically  untrue,  and  yet  as  r^ards  the  location  perfectly  accurate." 
From  the  Acta  Sanctorum  hundreds  of  examples  might  be  quoted. 

Nearly  as  hopeless  as  Stade,  who  does  not  even  put  the  question, 
"Where  was  Sinai  located,"  but  rather  "Where  does  the  sacred  legend 
of  Uie  Hebrews  place  Sinai,"  *  the  famous  Biblical  critie  Julius  Well- 
hausen*  thus  expresses  himself:  "We  know  not  where  Sinai  was 
situated,  and  the  Bible  is  hardly  in  agreement  conoeming  it.  To 
dispute  about  this  question  is  characteristic  of  the  dilettanti."  At 
the  same  time  Wellhausen,  considering  Exodua,  Chapters  II  seq.,  in> 
clines  to  the  view  that  places  Sinai  in  Midian.  Other  data  for  the 
various  locations  of  Siziai  are  given  in  an  excdlent  treatise  recentiy 
published,  "Where  was  Mount  Sinai  located,"  by  K.  Miketta,*  who 
himself  reverts  to  the  traditional  standpoint. 

The  most  recent  phase  of  the  Sinai  question  is  introduced  throu^ 
the  more  and  more  prevailing  recognition  that  we  have  in  Ebcodus, 
Chapter  XIK,  as  also  in  other  passages,  the  story  of  a  great  volcanic 
eruption.  After  Beke,  who  fiist  broached  this  hypothesis,  had  aban- 
doned it,  Hermann  Gunkel,  the  Old  Testament  theologian  and  suc- 
cessor to  Berohaid  Stade  at  the  Univereity  of  Gieesen,  independently 
pointed  out  in  numerous  passages  of  his  writings  the  volcanic  charac- 
ter of  the  phenomena.*  In  Exodus,  Chapter  XIX,  we  read:  "A  thick 
cloud  was  upon  the  mount;  the  smoke  thereof  ascended  as  the  smoke 
of  a  furnace;  there  were  thunders  and  lightnings,  and  the  voice  of 
the  trumpet  exceeding  loud;  the  Lord  descended  upon  the  mountain 
in  fire,  and  the  whole  mountain  quaked  greatly."    In  another  pae- 

1  OMoMchM  da  VolkM  Isrtel,  I  (1887),  1»,  Anin  1. 
■  Wudnbuob,  p.  31. 

•  Op.  alt.,  pp.  ISM. 

•  ProteCOiDeiM  nu  Oochkhto  laMb,  Sth  sd.  (1E»),  p.  Mt. 

t  wddtDHMT  BtDdjm,  HI  <is»),  n-m;  IV  (18U),  u7-itt. 

•  Fbt  in  DeaUoto  httmtai-ZmaBt,  ISOa,  p.  SOU.  Blnflirlj  AmiewiUts  PnlnMD,  p.  100  (U  Ml.,  p^ 
UT),udlD  "BsltrlctiaiWeltennatwtokhiaKdrachTUllolHa  RaU(lini"  (HOiMlMD.IMJ.p.W.wlMn 
■ka  UiaiappM«d  kmUni  taoanhwalsni  Anbk  b  ntend  U. 
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Boge  is  rM(d  that  "the  mount  bunted  with  fire"  (Deuteronomy,  IX, 
15) ,  and  thai  "  the  mouDtain  bomed  vitb  fire  into  the  midst  of  heavoi, 
with  darkncHB,  doods,  and  thick  darkneea"  (Detiteroitomy,  IV,  11). 
Furthermore,  the  Moses  l^end  tells  of  a  clotid  (pillar)  vi  smoke  and 
fire  which  advuieed  through  the  land,  and  is  which  Jdiovah's  ^o- 
liouB  manifestation  was  beheld  (Exi>dii8,  XIII,  21).  lite  poetical 
recetuionB  vary  the  same  theme  in  the  fonn  of  proi^eey;  they  teJI 
of  ^wing  coab;  of  the  breath  of  Jehovah,  which  resembles  a  burn- 
ing stream  of  sulpfmr,  of  mountains  which  melt  like  wax,  etc.  Tak- 
ing all  this  together,  it  can  not  be  doubted  that  observations  of  nature 
are  here  the  bams  of  the  account,  and  that  the  usual  explanation  of 
the  question  that  it  was  a  tbonderstorm  is  not  ooneltisive.  ^nai  must 
have  been  a  volcano.  Moeee  led  his  people  to  a  volcano,  and  in  the 
terrible  volcanic  eruption  the  awful  Mid  majestic  mamfestation  of 
Jehovah  was  experienced . 

Gunkel's  treatise,  which  later  on  he  supplemented  with  the  view 
that  since  there  were  no  voteanoee  on  the  Sinaitic  Fraiinsula  the  Sinai 
of  the  Bible  was  to  be  sought  for  in  the  volcanic  re^ons  of  northwest 
Arabia,  rec^ved  much  approval,  especially  from  Gduard  Meyer,*  who 
says,  "Gunkel  has  rect^nixed  that  we  have  here  the  deeeriptifm  of  a 
volcanic  eruption.  It  is  true  that  there  never  was  a  volcano  on  the 
Knaitic  Peninsula,  but  that,  as  is  well  known,  there  were  numerous 
volcanic  r^ons  (Hamu)  in  western  Arabia;  the  entire  Hauran  te^ 
ritory,  including  TrachMtitis,  is  made  up  of  them,  and  numerous  ex- 
tensive Harras  are  located  in  southeast  Midian,  on  the  road  from 
Tflbuk  through  Medina  as  far  as  Mecca.  Tho^  is  nothing  to  oppose 
the  assumption  that  one  or  eevfo-al  of  these  volcanoes  may  have  been 
still  active  even  in  historic  times.  One  of  them  was  the  authentic 
9inai."  Meyer  remarks  that  already  in  1872  the  thought  forced  itself 
upon  him  that  Sinai  must  have  been  a  volcano,  but  that  he  abandoned 
it  because  it  did  not  then  occur  to  him  to  seek  ^si  outside  of  the 
Sinaitic  Peninsula.  The  recognition  that  the  Sinai  of  the  Jahvist  (the 
Elohist  calls  the  mountain  of  Ood  "Horeb")  must  have  been  situated 
in  Midian,  Meyer  ascribes  (pp.  60,  67)  to  Wellhausen  (see  above).  In 
connection  with  Ounkel's  expltmation  of  Sinai  as  a  volcano,  Meyer 
assumes  that  Jehovah  was  ori^ally  a  volcanic  fire  god  and  that  he 
was  indigenous  in  Midian.  He  says,  "We  have  often  recognized 
Jahve  as  a  fire  demon  who  in  the  dartmess  of  night  mamfests  his  ma- 
jesty. The  awful  nature  of  the  unapproadiable  fire  god,  who  causes 
destruction  to  friend  and  foe,  is  also  here  (I  Samuel,  VI,  19)  clearly 
recognizable,  for  instsnce,  in  the  story  of  the  ark  (p.  70f.)."  In  con- 
nection with  this  Meyer  would  also  ascribe  the  origin  of  the  story  of 
Sodom  and  Gomorrah  to  the  volcanic  Harras  of  Arabia,  "  in  Palestine 
'  was  then  transferred  by  the  Israelites  to  the  Dead  Sea."    This  view 


<  Dk  braallten  und  Ihn  N*(ibb«itlmm>  (Halla,  ItOB),  p.  «>. 
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would  olmouBty  creat«  a  new  basis  for  an  explanation  of  tbe  catas- 
trophe of  Sodom,  about  which  there  developed,  from  the  standpoint 
of  natural  science,  a  controvBrsy  between  M.  Blanckenhom  '  and  C. 
Diener  *.    But  we  can  not  here  enter  into  that  question. 

The  view  that  the  Biblical  Sinai  was  a  volcano  and  should  be 
looked  for  in  Midian  meanwhile  ako  gained  adherents  elsewhere. 
Thus  the  well-known  orientalist  and  Biblical  scholar,  Prof.  Paul 
Haupt,  of  Baltimore,*  writes:  "Mount  Sinai  can  not  be  located  on 
the  Sinaitic  Peninsula;  it  was  a  volcano  in  the  land  of  Midian. 
Mount  Sinai,  the  sacred  mountain  of  Midiim,  must  have  been  a 
volcano."  He  seems  also  to  follow  the  view  of  Beke,  since  he  repeats 
his  mountain  names,  Jebel  en-Nflr  and  Jebel  al-B&i^ir  (which 
have  been  proved  to  be  erroneous),  and  looks  for  the  volcano  in  the 
neighborhood  of  Akaba.* 

In  his  review  of  E.  Meyer's  book,  "Die  Israeliten,"  Qimkel* 
reiterates  the  question,  "Should  it  not  be  possible  for  oar  geologists 
to  discover  the  volcano  which  at  that  time  must  have  been  in  erup- 
tion V  This  problem  seems  now  to  have  been  solved  through  Prof. 
A.  Musil  and  his  compamon,  the  geologist,  L.  Kober.  At  present 
we  have  only  a  brief  preliminary  notice  by  Musil  on  this  subject.* 
"Thus  we  left  the  valley  of  al-Jizel  and  arrived  at  the  wide  plain 
of  al-Jav,  where  we  made  unexpectedly,  on  the  2d  of  July,  1910, 
what  is  in  my  opinion  the  most  important  discovery  during  this 
exploring  tour,  namely,  that  of  the  genuine  Biblical  Mount  Sinai. 
All  our  troubles  were  forgotten  and  we  should  have  liked  much  to 
investigate  more  thoroughly  'the  grottoes  of  the  Servants  of  Moses,' 
but  our  guide  would  under  no  ccHidition  allow  us  to  set  foot  upon 
the  sacred  volcano  al-Bedr,  and  threatened  to  abandon  ua  at  once 
if  we  did  not  continue  our  way  eastward.  We  had  to  yield,  and  I 
hoped  that  Allah  would  eoable  us  to  attain  to-morrow  what  was 
impossible  to-day.  Our  route  led  Uirough  the  midst  of  the  Harra 
r^ons  ar-Rha  and  al-Awtrei:,  so  that  we  photographed  pretty 
accurately  nearly  all  the  extinct  volcanoes." 

According  to  the  map  appcoided  to  this  preliminary  report  the 
volcano  Hala-l-Bedr  is  situated  in  latitude  27°  12'  north,  longitude 
37°  7'  east — that  is,  considerably  farther  south  than  Sinai  was 
looked  for  even  by  the  advocates  of  the  Midian  hypothesk.    Accord- 

1  Dto  EnWcbuns  und  OoohlnbU  deg  ToUo  llMm  (Lclpilg,  ISM],  tax  ZftlUohifrt  dea  DeDUohen  Pklit- 
tbtt-Venlm,  IS,  and  ZcKscbrttt  dn  DsotntMD  Falurtlnt  Veralna,  XI  ax»),  pp.  t&-«3i  MltMHunesB  i*r 
K.  K.  0«iEr^>Iibcl»Ti  QavUKlnft,  1000,  pp.  IM-llT. 

m  K.  E.  OcocFBiiIikobeii  Ofadbcdiaft,  IMT,  pp.  l-Jt;  ItM,  pp.  14-18. 
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ing  also  to  the  brief  accounts  of  L.  Kober,  the  companion  of  MoBil,* 
it  is  a  recent  Tokanic  territory:  "The  volcanoes  which,  have  been 
diecovered  in  the  re^on  of  Harrat-al-Awdrez  belong  to  the  most 
recent  formations  of  geological  importance.  They  form  a  series 
with  a  north-south  course.  Their  basalt  coyeis  and  tofis  fill  the 
shallow  Wadis  of  the  Nubian  sandstones."  This  statemoit  is 
important  because  it  helps  the  assumption  as  to  the  possibiHty  of 
a  volcanic  eruption  there  in  historic  times.  As  a  matter  of  fact^ 
such  eruptions  are  attested,  if  not  for  this  region,  yet  for  the  volcanic 
territory  of  Medina  situated  farther  south.  Seetzen  called  atten- 
tion to  this  in  1810  and  quoted  accounts  of  "earth  fires"  in  1242 
and  12S2  from  an  Arabic  work  on  the  history  and  topography  of 
Medina  (probably  by  Samhude).*  Burckhardt,*  following  the  same 
source,  discusses  at  great  length  a,  great  volcanic  eruption  in  1256 
at  Jebel  Ohod,  north  of  Medina,  which  was  so  great  that  l^e  fire 
could  be  seen  in  Jambo  and  Mecca,  and  even  in  Damascus  the  sun  and 
moon  were  obscured  by  the  smoke.  Makrizi,  the  Egyptian  historian, 
also  attested  this  eruption.  K.  Ritter,  in  his  still  unsurpassed 
"Erdkunde  von  Arabien,"  collected  all  the  material  then  accessible/ 
as  he  also  correctly  perceived  the  succession  (or  course)  of  the  volcanic 
formations  along  the  depression  of  the  Red  Sea,  though  he  eiqireeses 
himself  on  the  subject  in  a  now  somewhat  obsolete  terminology:' 
"The  volcanic  elevation  line  from  Medina  to  Aden  and  Tadjuira 
lies  Id  the  main  direction  of  the  great  earth  cleft  between  Asia  and 
Africa." 

The  region  of  this  eruption  seems  to  be  the  same  as  that  which 
Yakut  in  his  geographiceJ  lexicon,  which  is  known  as  a  main  source 
of  the  Arabian  geography,  describes  as  Harrat-en-Nar,  "the  fire 
Harra."*  It  is,  "according  to  Ijad,  the  same  which,  under  the 
second  Calif  Omar,  was  afire,  or  at  least  in  volcanic  eruption.  An 
identical  one  is  recorded  from  pre-Islamic  times  in  the  tale  of  Halid 
b.  Sinan,  who  is  said  to  have  extinguished  its  fire.  It  is. especially 
remarkable  as  being  the  only  volcanic  region  of  Arabia  recorded  as 
having  eruptions  in  historic  time"  (Loth,  p.  378). 

Considering  all  this,  the  possibiUty  must  be  admitted  that  in  a 
more  remote  period  of  historic  times  one  of  the  volcanoes  situated 
farther  north  may  also  have  been  in  eruption.  More  detailed  data 
on  the  present  condition  of  the  volcano  Hala-1-Bedr  and  the  proba- 
bility of  their  being  confirmed  in  geologically  recent  times  will  be 

'  I  AmelgBT  dn  K.  Akademla  der  Wlnemoh.,  I9I1,  Vithnmillirli  Tutnnrrnrntfhnftllnhn  Slaae,  No,  13. 
■  Liiwl  146K-1W1  In  Usdlin.   Sea  BimkelnuoD,  Oesohlobto  dn  tnibiaOita  LIUntiu,  n,  pp.  ITas. 
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learned  from  the  expected  report  of  L.  Kober,  and  the  work  on  the 
Sinai  problem  in  preparation  by  Musil  will  certainly  also  furnish 
new  information.  These  publications  will  not  be  forestalled  here, 
but  there  will  only  be  stated  what  is  already  generally  accessible. 
An  elucidation  of  just  this  point  seemed  desirable  because  the  full 
history  and  present  status  of  the  Sinai  problem  is  not  only  unknown 
to  wider  circles,  but  even  among  those  who  are  occupying  them- 
selves with  the  question  there  seems  to  be  uncertainty  as  regards 
the  priority  of  the  several  theories,  which  is  not  to  be  wondered  at 
considering  the  remoteness  of  some  of  the  statements. 

If  Musil's  localization  proves  correct,  to  him  will  be  due  the  credit 
of  having  found  the  answer  to  the  question  introduced  by  Beke  and 
Gunkel  concerning  the  transferring  of  the  mountain  of  the  promulga- 
tion of  the  law  from  the  Sinaitic  peninsula  to  Arabia.  The  imports 
ance  of  this  discovery  can  hardly  be  overestimated.  Infinite  pains 
and  acumen  have  been  spent  in  ascertaining  the  route  of  the  Israehtes 
through  the  Sinaitic  peninsula,  and  the  literature  on  that  subject 
would  fill  a  small  library.  Now  all  this  has  been  "spoken  to  the 
winds."  The  "Red  Sea,"  after  the  miraculous  crossing  of  which 
the  desert  wandering  proper  begins,  is  not  longer  the  northern  point 
of  the  Gulf  of  Suez,  but  that  of  the  Gulf  of  Akaba,  which  the  Israelites, 
assuming  their  sojourn  in  Egypt  (which  some  modern  Bibhcal  criti- 
cisms declare  to  be  unhistoric),  must  have  reached  by  the  shortest  route 
north  of  the  peninsula.  The  search  for  the  stopping  places  on  the 
desert  route  may  now  be  started  in  Midian,  until  now  a  closed  country. 
This  may  appear  to  some  as  inconvenient,  but  it  is  hardly  more  so 
than  DOrpfelds  transferring  of  Ithaca  to  Leucas,  which  all  of  a 
sudden  undermined  all  attempts  to  prove  the  stage  of  the  Odyssee 
in  all  its  details  on  a  perfectly  secure  basts.  Whether  successfully, 
only  the  future  will  prove.  In  both  cases  there  is  encumbent  on  the 
defender  of  the  new  theory  not  only  to  furnish  positive  evidence  for 
his  view,  but  also  to  explain  how  the  false  localization  and  naming 
obtained  currency.  In  any  case  we  stand  as  regards  the  Sinai  prob- 
lem at  the  beginning  of  a  complete  revolution  of  all  traditional  views. 
A  new  goal,  one  not  easily  reached,  is  now  set  before  the  travelers  in 
search  of  Bibhcal  places. 
85360°— SM  1012—44 
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THE  MUSIC  OF  PRIMmVE  PEOPLES  AND  THE  BEGIN- 
NINGS OF  EUROPEAN  MUSIC 


By  WniT  PAatos. 


More  than  once  have  we  heard  in  this  hall,  by  means  of  the  phono- 
graph, an  echo  of  the  sounds  which  to  prinutdve  peoples  are  the 
height  of  all  musical  beauty.  To  us  it  seems  a  strange  music.  The 
repetition  of  certain  very  short  motifs,  noisily  executed  and  profusely 
and  weirdly  accented  hy  cries,  clapping  of  hands,  the  droning,  or 
striking  of  percussion  instruments — all  that  gives  egression  to 
moods  as  foreign  to  us  as  though  itcame  out  of  another  world.  Even 
educated  musicians  are  perplexed  by  such  acoustic  phenomena. 
They  can  hardly  perceive  the  difference  between  quite  distinct 
motifs.  At  the  outset,  however,  we  can  hardly  distinguish  between 
one  negro  and  another,  and  it  is  a  question  of  persistence  if  we  are 
to  understand  in  all  their  diversity  the  religious  songs,  dances,  and 
folk-songs  of  the  lower  and  lowest  peoples.  Of  course  a  real  under- 
standing of  sensation  will  never  be  possible.  Two  different  worlds 
are  reflected  in  the  music  of  primitive  peoples  and  in  our  own,  and 
each  must  have  had  its  own  peculiar  character  for  more  than  3,0(H) 
years.  Let  us  try,  in  order  to  form  an  antithesis,  to  translate  from 
sound  into  sight.  For  such  an  experiment,  the  differentiation  sug- 
gested by  Hombostel  is  very  important.  He  proposed  to  separate 
music  into  horizontal  and  vertical  music.  Horizontal  music  is  the 
monotony  of  those  exotic  motifs  compared  to  which  the  most  insig- 
nificant of  our  intervals  can  signify  so  much.  A  single  one  of  our 
chords  is  like  a  precipice  when  we  think  of  the  monotonous  music  of 
primitive  peoples.  If  we  compare  the  primeval  Pan's  pipes  and  their 
thin  tone  with  the  great  richness  and  plastic  power  of  our  organ, 
we  shall  then  have  a  classic  example  of  the  difference  between  hori- 
zontal and  vertical,  or,  if  you  prefer,  between  the  music  of  two  and 
three  dim^^sioss.  The  horizontal  or  two-dimension  music  has  become 
so  foreign  to  us  that  we  must  try  to  bring  it  back  to  our  hearing  again. 
In  this  we  shall  succeed  quickest  if  we  concentrate  our  minds  on  the 
manner  of  playing  and  the  sound  character  of  a  group  of  instnunebts 
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which  have  become  to  us  of  secondary  importance,  but  iriiich  to  the 
primitiTe  peoples  are  of  infinite  significance.  These  are  the  percua- 
aoa  inatrumenta. 

We  might  here  extend  our  investigation  from  the  circle  of  primitiTe 
peoples  to  the  entire  territory  of  living  orientals.  The  Orient  has 
done  remarkable  thir^  in  the  invention  of  percusaioa  instruments, 
and  it  is  astonishuig  how  capable  of  modulation  are  even  the  drums 
and  ketUedrums  that  are  in  use  in  the  Orient.  They  can  crash  like 
a  fanfare  or  sound  as  dull  and  hollow  as  a  dirge.  The  monotonous 
rattling  of  a  pair  of  castanets,  when  correctly  played,  can  suggest 
whole  melodies.  The  cymbal  and  also  the  gong  originated  in  the 
Orient.  There  is  no  sharper  contrast  than  the  strong  voluptuousness 
of  the  cymbal,  which  so  well  accentuates  the  sensuous  moods  (for 
example,  the  Venusberg  scene  in  "Taimh&user"),  and  the  dull,  hol- 
low vibration  of  the  gong. 

But  we  will  confine  ourselves  to  the  primitive  peoples,  A  favorite 
classification  recognizes  two  groups  of  percussion  inatrumento  in  the 
meager  scores  of  these  peoples:  The  percussion  insteuments  proper, 
and  the  rattles  and  clappers.  In  the  first  group  vwe  have  three  sub- 
divisions: (1)  Sticks,  which  are  struck  on  the  ground,  or  against 
primitive  sounding  boards,  such  as  hollow  trees,  shields,  and  the 
like;  (2)  suspended  sound  plates  to  strike  against;  and  (3)  the  great 
and  most  important  group  of  the  drums. 

In  our  folk  music  the  percussion  instruments  hold  an  important 
place,  to  give  a  firm  structure  to  the  music.  The  drums,  cymbals, 
and  kettledrums  of  our  military  and  dance  music  compel  the  mdodiea 
to  proceed  in  an  orderly  manner;  they  mark  the  rhythm  to  an  extent 
often  ahnost  comic  to  persons  of  fine  sensibilities.  Thus  it  happens 
that  in  many  books  on  music  the  percussion  instruments  are  simply 
entered  under  the  heading  of  "rhythmical  instrument,"  a  designa- 
tion in  which,  for  example,  the  department  of  the  German  Museum 
at  Munich,  which  is  concerned  with  them,  acquiesces. 

The  effect  of  music  characterized  by  the  unpretentious  percussion 
instruments  is  unmistakable.  A  strong  rhythmical  music  helps 
with  work  and  with  play;  if  we  may  make  use  of  a  modem  expression, 
it  is  "Schrittmacherdienste."  It  is  used  effectively  in  activities 
which  require  regularly  recurring  movements  of  the  body,  in  manges, 
in  dances,  in  special  kinds  of  work,  such  as  threshing  and  hammoing, 
or,  to  choose  a  somewhat  less  definite  example,  in  the  old-time 
spiiming  rooms.  The  output  of  power  will  be  regulated  through  the 
rhythm.  A  certain  common  atmosphere,  a  mass  spirit,  will  be  pro- 
duced which  will  react  on  the  individual. 

Ihis  purely  rhythmical  value  of  the  percussion  instruments  is  so 
highly  developed  and  dominant  in  the  melodies  of  savage  tribes, 
that  we  appear  already  to  have  reached  the  center  of  all  archaic  and 
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folk  music.  We  only  occasionally  uae  hand  clapping  for  empbaaizing 
the  rhythm,  while  they  employ  it  systematically  for  ibe  dance. 
Working  songs  dominate  oTer  a  wide  sphere  of  human  activities.  We 
need  think  only  of  the  boat  soi^,  in  which  the  oars  are  operated 
precisely  like  a  musical  instrument.  BQcher  has  collected  much 
valuable  material  in  his  "Arbeit  und  Khythmus,"  in  regard  to  this. 

But  in  such  rhythmical  values  the  significance  of  percussion  instru- 
mente  to  the  savages  is  by  no  means  exhausted.  Indeed,  the  deeper 
we  search  the  clearer  it  becomes  that  the  whole  of  the  purely  rhyth- 
mical music  of  this  kind  repreaents  a  second  and  later  stratum  which 
we  must  remove  if  we  would  reach  the  actual  beginnings  of  human 
music. 

I  have  shown  how  the  orientals  can  get  expression  out  of  the  mere 
noise  of  percussion-instrument  music.  So  do  we  also,  in  that  we  con- 
stantly use  our  kettledrums  in  symphonies,  for  example,  not  only  as 
a  purely  rhythmical  instrument  but  as  one  capable  of  great  expres- 
sion. When  we  come  to  look  closer  we  find  that  the  savages  also 
knew  very  well  the  twofold  character  of  percussion  instruments  and 
that  they  were  very  much  used.  Even  unmusical  travelers  have 
noticed  what  a  variety  of  pitch  there  is  in  the  percussion  instruments 
of  native  peoples,  and  particularly  in  drums.  They  may  be  gigantic 
instruments,  whose  sounding  body  is  a  single,  hollowed-out  tree 
trunk  and  whose  sound  hole  is  merely  a  narrow  slit;  or  small  portable 
instruments  covered  with  skins  and  bides,  approaching  the  form  of 
our  bass  drums  and  kettledrums.  A  hypnotic  power,  such  is  the  uni- 
versal opinion,  comes  from  such  drum  playing.  The  benumbing  of  the 
senses  arises  in  part  from  the  sound  quality  of  the  vibrating  instru- 
ments, and  in  part  from  the  peculiar  method  of  execution.  The  roll 
of  the  drum  which  is  used  in  our  military  music  is  not  characteristic. 
Much  more  so  is  the  monotonous  succession  of  similar  strokes,  which 
continue  unceasingly  until  the  ear  is  entirely  filled  with  the  sounds 
and  the  mind  becomes  confused. 

The  enthralling  effect  produced  by  the  peculiar  rhythm,  and  the 
elemental  character  of  the  sound,  explains  the  often  repeated  obser- 
vation that  in  the  mystic  festivals  of  secret  societies  and  in  funeral 
ceremonies  the  drums  prove  to  be  the  most  important  means  of 
expression.  Often  have  we  heard  of  the  horror  caused  by  the  giant 
drums  of  the  Ashantis  or  on  Tahiti,  when  they  gave  the  sign  for  the 
beginiung  of  human  sacrifice.  Some  drums  are  such  sacred  instru- 
ments that  their  mere  sound  scatters  the  unprivil^ed,  the  women 
and  children.  Thus  in  Africa  the  drum  is  often  a  fetish  to  which  the 
highest  veneration  is  given. 

There  is  another  group  of  instruments  which  equal  the  most  vener- 
ated drums  in  magical  power — the  whirring  instruments.  One  of 
these  inatruments,  the  Wabtteufd,  we  have  all  swung  in  our  childhood. 
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In  children's  play,  old  traditions  are  often  kept  alive,  and  so  we  may 
well  consider  whether  the  WcHdivafd  is  not  likewise  brought  down  to 
us  from  olden  times,  when  magic  was  the  highest  worid  philosophy. 
The  name,  alone,  appears  to  indicate  that  the  sound  of  this  simple 
instrument  can  cast  a  spell  over  an  entire  forest,  and  this  demoniac 
power  the  Waldteufel  still  has  to-day  among  some  savages.  In  their 
buzzing  sound  they  hear  the  voice  of  a  supernatural  being.  la  New 
Zealand  whirring  instruments  were  used  until  recently  for  weather 
ma^  and  in  Weatan  New  Guinea  they  are  indispensable  in  the 
cereeaoay  of  circumcision  and  in  the  gatherings  of  men.  "Tbrou^ 
the  whole  of  Austraha,"  says  Howitt,  "the  WaJdtewfd  is  one  of  the 
most  sacred  and  most  mysterious  of  objects  which  is  used  in  relation 
to  the  sacred  ceremonies.  Neither  women  nor  children — I  might 
even  say,  in  general,  no  uninitiated  persons— dare  see  it,  or  they 
would  be  threatened  with  death.  Novices  are  enjoined  that  in  case 
the^  acquaint  the  women  and  children  with  it,  death  will  be  their  lot 
either  through  violence  or  in  consequence  of  magic.  The  reverent 
awe  with  which  the  initiated  regard  one  of  these  instruments,  when  it 
is  sent  about  to  authenticate  a  message  which  caUs  them  to  a  cere- 
mtHiial  gathering,  is  very  striking." 

We  will  introduce  an  illustration  here  which  has  a  psycholo^cal 
significance.  Lienz  gives  it  in  his  "fetches  from  West  Africa" 
regarding  the  influence  of  tom-toms: 

During  the  dfuice  of  the  medicine  men  in  Aschuka  eeveral  young  people  became  iU 
from  the  sound  of  this  instrument  and  the  whole  exciting  scene.  They  nuhed  eud- 
denty  out  of  the  cucle,  ran  around  in  the  field  on  all  foura  like  animals,  and  began  to 
rave;  only  with  difficulty  could  libey  be  overpowered  and  taken  away.  But  here  in 
the  villas,  in  the  horrible  dances  of  the  C^anga,  there  is  acaccely  any  end  to  these 
occurences;  wherever  one  looked  one  of  these  unfortunates  was  writhing  on  the  ground, 
and  the  old  men  and  women  had  much  to  do  in  order  to  bring  them  into  their  huts. 

We  are  accustomed  to  find  rhythm  somewhat  of  a  stimulant  and 
inspiration,  and  the  number  of  work  songs  also  goee  to  establish  such 
an  opinion  of  it.  But  examples  like  those  mentioned  above  show 
us  that,  besides  the  stimulating  rhythm,  there  is  also  a  paralyzing 
soporific  one.  The  stimulating  rhythm  may  be  derived  from  any 
regular  sound,  even  such  meaningless  noises  as  handclapping  and 
the  stamping  of  feet.  For  the  hypnotic  rhythm,  on  the  contrary,  the 
quality  of  the  tone  and  its  mode  of  expression  are  of  the  utmost 
importance.  The  stimulating  rhythm  belongs  with  a  more  developed 
melody,  which  is  either  foreign  to  the  hypnotic  rhythm  or  destroys 
it.     We  have  in  the  former  an  art  of  tOTies,  in  the  latter  the  art  of  torn- 

In  thinking  of  the  strong  contrast  between  these  two  kinds  of 
music,  no  doubt  can  exist  that  they  are  derived  from  entirely  different 
stages  of  development;  the  question  also  arises  as  to  which  of  the 
two  kinds  is  the  older — the  stimulating  music  or  that  of  hypnotic 
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rhythm — the  art  of  tones  or  that  oE  tone.  The  fact  alone  that  in  the 
art  of  tone  the  principle  of  the  horizontal,  or  two-dimension,  music 
is  much  more  forcefully  conveyed  than  in  the  art  of  tones,  is  sufficient 
to  lead  US  to  regard  the  hypnotic  rhythm  as  older  than  the  stimulat- 
ing rhythm,  and  here  we  encounter  the  very  important  consideration 
that  magic  and  witchcraft  are  inextricably  bound  up  with  all  hyp- 
notic art. 

The  belief  in  witchcraft  is  the  oldest  known  philosophy  of  the 
world.  What  significance  this  belief  poaseaaes  in  connection  with 
the  primitive  history  of  music,  and  indeed  with  all  art,  we  shall 
consider  at  tlie  close  of  the  article.  Here  we  are  chiefly  coacemed 
with  the  fact,  on  which  stress  must  be  laid,  that  in  tiie  music  of 
primitive  peoples  traces  of  an  ^K>ch  of  belief  in  magic  are  still 
ev^ywhere  recognized,  most  conspicuously  in  weather  magic,  to  be 
mentbned  later,  and  almost  as  strongly  in  some  of  the  practices  of 
the  medicine  men.  We  must  consider  a  statement  like  that  of 
Lenz  on  the  effect  of  tomtoms,  if  we  would  understand  the  full 
significance  of  music  in  the  early  history  of  medical  science.  Musical 
healing  is  widely  practiced  among  savage«,  and  there  is  manifold 
evidence  that  it  ia  also  occasionally  effective.  We  should  not, 
however,  compare  the  effect  this  music  has  on  the  colored  races 
with  that  which  it  has  on  us.  Nussbaum  was  not  so  far  wrong 
when  he  warned  us  that  in  connection  with  certain  old  remedies 
that  appear  to  us  to-day  entirely  wrong,  we  must  first  of  all  inquire 
into  the  character  of  the  people  that  occasioned  such  prescriptions. 

The  spirit  of  the  most  primitive  music  of  savages,  here  under 
consideration,  when  we  separate  the  older  from  the  oldest,  carries  us 
back  to  those  early  epochs  in  the  history  of  civilization  which  were 
dominated  by  belief  in  m^c,  and  our  first  conclusion  m&y  he  stated 
as  follows:  In  the  entirely  unmelodic,  purely  elementary  music, 
whose  rhythm  is  articulate,  and  either  not  at  all  crude  (as  with  the 
wind  instruments)  or  entirely  so  (as  that  of  drums),  we  recognize 
the  first  musical  attempts  of  mankind.  In  this  music,  which  in  the 
main  only  confuses,  the  principle  of  the  horizontal  or  two-dimension 
music  is  unquestionably  supported. 

One  of  the  most  fundamental  characters  of  such  an  art,  is  that  it 
do^  not  develop  melodic  instruments  nearly  so  abundantly  as 
percussion  instruments.  Any  vaudeville  theater  can  teach  us  how 
clever  musicians  can  make  purely  noise  instruments  melodic  also. 
We  know  the  performance  in  which  differently  toned  wine  glasses  are 
manipulated  like  a  keyboard,  the  performance  on  a  bell  by  musical 
clowns,  with  merely  a  penholder  to  suggest  melodies  by  short  or  long 
strokes.  Tendencies  to  such  arts  we  find  here  and  there  among 
primitive  peoples,  but  they  remain  merely  tendencies.  Schauenbui^ 
relates  how  a  a&gro  of  Kujar  made  his  signal  drum  almost  speak  as 
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he  struck  it  'with  his  right  hand,  and  variously  modified  the  sound 
by  all  Borta  of  muffling  manceuTers  with  his  left.  Witte  has  rocently 
thoroughly  investigated  the  "drum  speech"  of  the  Ewe  tribe  and 
reported  on  it  in  the  "Anthropos"  (Wien,  1910,  Heft  I).  From  his 
very  clear  statements,  it  presupposes  a  power  of  underatanding 
whose  development  does  credit  to  the  ear  of  primitive  peoples,  but 
does  not  involve  an  appreciation  of  art.  The  percussion  instrument 
most  capable  of  producing  melody  is  the  famous  marimba  of  the 
Kaffirs,  a  kind  of  xylophone  made  over  hollow  gourds  as  soimdii^ 
boards.  The  metal  wind  instruments  remained  entirely  undeveloped. 
They  were  only  of  value  for  signals.  Moreover,  most  of  the  so-K;alled 
trumpets  served  principally,  not  to  produce  tone,  but  only  to  increase 
sound;  they  were  to  be  shouted  into  like  a  speaking  tube.  The 
stringed  instruments  stand  on  a  somewhat  higher  level  though  we 
find  forms  similar  to  the  harp,  guitar,  and  zither. 

Certainly  all  the  stringed  instruments  are  later  than  the  percus- 
sion instruments.  The  fact  has  already  been  demonstrated  that  none 
of  the  finer  melodic  instruments  have  any  rehgious  significance.  The 
only  musical  instruments  which  by  tradition  or  use  are  exceptions 
are  the  men's  flutes  of  the  Papuans  of  New  Guinea  (whose  tone  was 
regulated  by  a  sliding  rod);  tiie  rain  pipe  of  the  Basutos,  a  kind  of 
horn  made  out  of  bark  by  the  Indians  of  Hio  dos  Uaupfe,  one  of  the 
tributaries  of  the  Rio  N^;ro  (women  who  obtain  sight  of  it  are  ruth- 
lessly poisoned);  and  a  shell  trumpet  used  by  the  priests  of  the  Fiji 
Islands  in  sacred  processions.  None  of  these  instruments,  however, 
in  the  manner  in  which  they  are  used  produce  melody.  All  melodically 
used  instruments,  on  the  contrary,  have  neither  a  magical  not*  particu- 
larly a  religious  character.  They  are  secular,  which  fact  certainly 
indicates  their  late  origin. 

It  is  necessary  now  to  establish  the  origin  of  the  different  instru- 
ments. The  most  obvious  and  formerly  most  commonly  accepted 
view  was  that  primitive  peoples  had  independently  contrived  the 
whole  of  their  orchestra,  and  had  perfected  it  from  rude  beginnings. 
This  supposition  is,  however,  strongly  shaken  by  more  recent  inves- 
tigations. Thus,  it  has  been  shown  in  the  case  of  the  most  interesting 
melodic  instrumients  that  they  have  not  resulted  through  development, 
but  are  rather  retrogressions  from  more  perfect  borrowed  examples. 
The  n^o  harp  boasts  its  origin  from  the  corresponding  old  Egyptian 
instrument;  the  pipes  of  the  Kubus  in  Sumatra  are  the  product  of 
Javanese  civilization  (Hombostel);  the  marimba  imitates  Chinese  and 
Indian  predecessors  (Wallaschek) ;  and  the  lute  came  first  to  A£rica 
with  the  Arabian  invasion  (Ankermann). 

It  is  now  in  the  highest  degree  imperative  to  observe  in  what 
direction  the  retrogression  moves.  The  workmanship  becomes  care- 
less, the  contours  of  the  instruments  are  less  sharply  defined,  a  poorer 
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material  is  used  for  the  strings,  and,  in  short,  indifference  is  shown 
toward  all  those  elements  which  the  melodic  music  perceptioa  at  one 
time  built  up  with  the  most  painful  exactness.  But  there  is  one  part 
of  the  stringed  instruments  in  which  we  see  not  a  retrogression  but  a 
clear  development.  That  is  the  soimding  board.  All  well-developed 
music  culture  regards  this  as  a  mere  sound  strengthener.  Every  form 
of  resonator  represents  an  unlimited  number  of  musical  experiments. 
Only  the  work  and  the  traditions  of  many  generations  could  deter- 
mine the  form  to  be  finally  accepted,  which  is  eo  important  in  the 
matter  of  tone  color.  But  this  form  once  settled  upon  the  player 
need  no  longer  trouble  himself  about  it. 

It  is  otherwise  with  primitive  peoples.  In  handling  the  borrowed 
instruments  they  were  convinced  that  the  sounding  board  produced 
a  sound  like  that  of  the  strings.  This  sound  they  thought  could  be 
made  better  by  a  transposition  of  the  sounding  parts.  Hence,  th^ 
almost  always  reconstructed  the  sounding  body  so  that  it  formed  a 
drum.  In  playing,  this  drum  is  just  as  industriously  used  as  the 
strings  (which  explains  also  the  quite  radically  different  way  of  holding 
the  instrument),  so  that  the  melody  always  reverts  again  to  pure 
rhythm.  In  a  word,  from  a  well-thought-out  instrument  of  melody 
has  been  evolved  a  somewhat  more  complicated  percussion  instrument. 

This  also  goes  to  show  how  yet  undeveloped  are  the  musical  ideas 
of  primitive  peoples  under  the  ban  of  an  idea  which  always  loses 
itself  in  the  subtleties  of  the  pure  rudiments  of  sound.  What  the 
consideration  of  rhythmics  and  of  instrumenta  teaches  us  will  be  cor- 
roborated by  the  harmonics  and  melodies  of  primitive  peoples. 

Of  course  our  chords  were  unknown  to  these  peoples.  Their  music 
except  in  a  very  few  particular  instances,  is  altogether  in  unison. 
And  this  unison  naturally  does  not  arise  from  the  fact  that  the  women 
and  children  accompany  the  men  an  octave  higher  in  the  roundelays. 
Octaves  can  be  made  a  very  expressive  means  of  harmony,  as  is 
shown  in  the  works  of  Chr.  Sinding  and  also  Puccini.  But  among 
primitive  peoples  the  octave  is  nothing  more  than  a  strengthened 
single  tone. 

The  two  following  phenomena  are  not  quite  so  simple  a  matter  as 
the  parallel  octaves.  The  Berlin  Phonogrammarchiv,  which  is  con- 
ducted by  Dr.  Abraham  and  von  Hombostel,  contains  unequivocal 
examples  of  songs  of  primitive  peoples  which  were  sung  in  strict  fifth 
intervals,  and  one  can  not  disregard  the  fact  that  Leopold  Mozart  once 
heard  street  singers  in  Italy  sing  their  little  ditties  in  perfect  fifths. 
Such  musical  talent  was  not  a  bit  finer  than — indeed  it  was  quite 
similar  to — ^what  we  observe  in  our  village  musicians  when  they  sing 
in  fifths,  though,  "unfortunately,"  saya  Wallaschek  very  justly, 
"without  knowing  that  they  had  done  it  or  wishing  to  do  it."  Thus, 
we  may  conceive  of  the  parallel  fifths  as  well  as  the  pardlel  octaves  of 
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primitive  peoples  as  nothing  more  tliau  a  more  fully  instmmentated 
unison. 

But  this  is  fully  contradicted  by  the  \aai  and  most  interesting  case, 
about  which  sometlung  has  already  been  said  iu  this  article.  Mr. 
Tbumwald,  on  his  last  expedition,  recorded  on  a  phonograph  several 
Bonga  of  the  Admiralty  Islanders,  concerning  which,  after  careful 
analysis,  von  Hombostel  remarked  that  all  the  dance  songs  from 
Baluan  are  twCHvoiced,  and  move  in  seconds,  and  usually  close  with 
this  interval.  Thus,  aside  from  occasional  unisons  and  quite  isi^ 
lated  cases  of  greater  intervals,  discords  were  exclusively  used.         ^ 

Not  entirely  isolated  is  this  use  of  seconds,  in  the  double  sense  of 
the  word.  It  is  also  found  in  Istriau  folk  songs,  and,  further,  although 
confined  indeed  to  a  few  examples,  among  the  Makua  of  East  Africa 
and  the  Wolof  of  Sen^ambia.  Frauchinus  Gafuriua  (Fractica, 
MusicEQ,  1496)  reported  that  in  the  Ambroaiaa  funeral  litaoiee  in 
Milan  among  other  intervals  are  to  be  found  also  passages  in  seconds. 

These  new  observations  must  certainly  be  taken  into  conaideratioD, 
and  they  force  us  to  restore  again  an  already  half-diacarded  hypoth- 
esis for  the  explanation  of  the  above-mentioned  passages  in  fifths  in 
the  tone  art  of  primitive  peoples.  Theorists  have  been  reminded  by 
them  of  the  corresponding  succession  of  fifths  in  the  Organum  of  the 
Flemish  monk,  Hucbald,  of  which  we  will  speak  aguu  later.  This 
comparison,  as  well  as  that  of  von  Hombostel  with  Franchinus 
Gafurius,  is  to  be  reflected  upon.  The  questjon  resolves  itself  into 
thb:  Can  we  point  to  that  which  on  the  one  hand  primitive  peoples 
show  in  their  parallels  of  fifths  and  seconds,  and  which,  ou  the  other 
hand,  the  church  shows  in  the  Organum  of  Hucbald  ajid  in  the  Milan- 
ese funeral  litanies  as  a  budding  complexity  of  tones,  or  must  we  not 
rather  conceive  of  it  as  a  deterioration,  as  the  unmeaning  curtailment 
of  a  harmony  of  tones  rich  in  sense,  which  is  practiced  outside  the 
circle  of  influence  of  primitive  peoples,  as  of  the  church,  and  by 
whom  it  was  only  borrowed  and  misused  f 

I  will  not  anticipate,  but  I  must  indeed  bring  out  here  the  fact  that 
in  the  case  of  the  church  only  the  second  supposition,  that  of  a 
deterioration,  is  tenable.  And  it  is  not  otherwise  in  the  case  of  the 
primitive  peoples.  Their  passing  relation  to  higher  musical  develop- 
m^it  is  shown  just  as  plainly  in  their  parallel  of  fifths  and  seconds 
as  also  in  the  quality  of  their  finer  m^odic  instrumenta.  But,  just 
as  hopelessly  as,  with  their  dull  music  perception,  the  borrowed 
instruments  of  finer  quality  were  sacrificed  in  a  gradual  deterioration, 
just  so  irretrievably  were  sacrificed  the  elements  <^  harmony.  They 
may  have  taken  over  the  elements  in  their  pure  and  noble  forms,  but 
these  forms  must  neoeesarily  have  with  them,  detariorated  into  such 
mu^cal  hybrids  as  their  parallel  fif  tlia  and  seconds. 

We  will  now  pass  to  ihe  consideration  of  the  intervals  which  are 
characteristic  of  the  music  of  really  primitive  peoples.     Earlier  it  was 
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the  commonly  accepted  euppoeition  that  at  first  large  intervala 
(octavee,  fifths,  and  fourths,  especially)  received  most  attention, 
and  that  between  these  wide  intervals  smaller  and  smaller  ones 
were  gradually  interpolated.  This  hypothesis  is  ethnologically 
untenable.  Ethnological  observation  shows,  on  the  contrary,  with 
what  caution  the  melodies  of  primitive  peoples  move  upward  and 
downward  in  the  smallest  intervals.  If  we  would  understuid  the 
oldest  system  of  tones,  we  must  hear  songs  hke  those  of  the  Veddas 
in  Ceylon,  which  are  sung  almost  wholly  in  seconds.  Even  smaller 
intervals  are  distinguished  with  great  certainty,  thou|^  to  our 
anharmonic  ear  they  no  longer  present  differences. 

That  there  are  quarter  tones  you  become  painfully  aware  in  the 
execution  of  every  singer  who  sings  off  the  key,  and  every  good 
violinist  demonstrates  it  when  in  reaching  up  for  C-sharp  he  strikes 
somewhat  higher  than  he  does  when  sliding  down  for  D-flat,  which 
on  the  piano  is  identical  with  it.  The  Arabians  make  a  distinction 
even  to-day  between  the  anharmonic  tones,  so  that  their  chromatic 
scale,  instead  of  12  tones,  contains  17.  Since  the  phonograpti  has 
afforded  us  exact  measurement,  we  know  that  these  finest  differences 
are  much  more  clearly  distinguishable  to  the  horizontal  music  per- 
ception than  to  our  vertical  music  perception.  It  is  certain  that 
quarter  tones  are  known  among  the  Australians,  the  Maori,  and  the 
inhabitants  of  Nukahiwa.  One  feels  great  respect  for  the  perception 
of  absolute  pitch  among  primitive  peoples  when  one  learns  that  in 
Samoa  the  alarm  drums  of  each  island  are  tuned  to  a  different  pitch, 
and  that  any  of  them  can  be  identified  by  the  neighbors  of  those 
striking  the  alarm.  Such  deUcacy  of  ear  is  with  us  not  at  all  a  trait 
of  every  musician,  and  it  explains  to  us  the  fact  that  for  the  develop- 
ment of  the  most  varied  melodies  the  range  of  a  minor  third  was 
sufficient  among  primitive  peoples.  Karl  Hagea  describes  incident- 
ally how  in  an  Australian  battle-song  the  sudden  transition  to  such 
a  minor  third  gives  an  effect  like  the  "overpowering  expression  of 
pain  " 

The  Mincopie  in  the  Andamans  may,  according  to  present  informa- 
tion, stand  as  the  most  perfect  in  this  primitive  art  of  producing 
music.  All  their  melodies  move  around  one  tone  from  which  they 
vary,  to  our  ear,  only  a  half  tone  upward  and  a  half  tone  downward. 
But  both  the  minor  seconds,  into  which  the  musician  must  condense 
all  his  ideas,  appear  richer  in  Ufe  than  we  would  suppose.  Portmann 
has  made  a  more  precise  study  of  this  music,  and  he  believes  that 
transitions  even  so  slight  as  an  eighth  of  a  tone  must  be  considered. 
Thus  there  may  be  melodies  here  which  our  broader  art  perception 
pays  no  attention  to.  The  monotonous  up-and-down  movement 
of  these  songs  is  rhythmically  accompanied  by  hand  clappings  and 
the  striking  of  the  pukuta,  a  simple  slab,  which  lies  on  the  ground 
and  is  played  with  the  heel. 
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It  seems  imposaible  to  find  anything  more  primitive  than  such  a 
tone  art,  which  compresses  a  brief  motif  into  the  range  of  a  second 
repeated  untiringly.  Yet  the  songs  of  the  Andamans  themselves 
are  rather  more  music  than  rhythm,  and  as  such  they  portray  a 
higher  stage  of  development.  As  the  bull-roarer,  the  oldest  and 
most  aacred  instrument,  had  not  yet  attained  a  firm,  definite,  well- 
bounded  tone,  so  also  the  oldest,  Shamanio-practiced  vocal  music 
can  have  known  at  first  only  indefinite  melodies.  Its  curve  shows  a 
regularly  rising  and  falling  wave  line,  and  not  the  step  form  of  the 
later  melody.  It  was  a  gliding  of  the  voice,  not  a  progression  by 
steps.  For  the  magician  who  exorcises  the  storm  or  the  hunter 
who  imitates  the  cry  of  a  beast,  the  eighth  tones  of  the  Andaman 
music  constitute  a  melody  in  steps. 

Combining  all  of  the  foregoing,  we  may  formulate  it  briefly  some- 
what as  follow^:  Wherever  in  the  music  of  primitive  peoples  large 
intervals  are  found,  and  a  melody  related  to  our  own,  we  there  have 
to  do  with  a  secondary  condition,  sn  element  foreign  to  the  oldest 
of  human  music.  Older  than  the  targe  intervals  are  the  small  ones, 
which  through  a  well-developed  feeling  for  rhythm  were  artistically 
ordered.  Still  older,  however,  than  the  feeling  for  distinct  rhythm 
and  for  all  intervals  is  the  feeling  for  gliding  melody  and  finally  for 
the  simple  elements  of  sound. 

In  other  words,  the  apparently  quite  simple  and  elementary  music 
of  primitive  peoples  shows,  on  doser  inspection,  a  threefold  stratifica- 
tion: (1)  The  music  of  the  magician  (developed  in  a  preanimistic 
period);  (2)  music  as  rhythm  (developed  first  in  an  already  past 
epoch  of  social  organization;  it  may  remain  undecided  whether  here 
we  should  with  Wallaschek  recall  war  eongs  and  hunting  songs,  or 
with  Bflcher  call  to  mind  labor  songs);  and  (3)  music  as  melody 
(developed  first  in  contact  with  peoples  in  a  higher  stage  of  culture). 

It  is  necessary  now  to  examine  more  closely  how  these  strata  are 
separated  and  how  one  followed  upon  the  other.  This  is,  however, 
imposaible  unless  we  first  make  it  clear  how  the  moat  primitive  music 
is  related  to  the  tone  art  of  ancient  Surope,  from  which  our  music 
has  developed. 

2.  PREHISTORIC  EUROPEAN  MUSIC. 

Fontaine  narrates  in  an  occasional  poem  how,  in  walking  through 
Copenhagen,  his  attention  was  attracted  to  a  placard  with  the  heading, 
"Luren  Konzert."  He  asked  his  companions  what  "Luren"  meant, 
and  it  was  explained  to  him  thus: 

Luren,  in  the  days  of  the  Gotonea  and  GetK, 

Our  Northland  trumpets  were  called. 

They  were  hanu  seven  feet  long. 

Their  sound  wu  a  battle  call. 

The  Luren,  long  before  Qorm  the  Old, 

Sounded  over  moor  and  heath. 


,  Google 
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"Long  before  Germ  the  Old"— «8  archeolt^ets  we  know  that  long 
before  the  days  of  the  Gotones  and  Getn — these  strange  giant  horns 
were  cast.  They  are  recognizable  already  in  the  northern  Bronze 
Age — ^more  exactly  in  the  second  period  (according  to  Montelius) ;  that 
is,  in  the  fourteenth  or  fifteenth  century  B.  C.  They  are  found  in 
southern  Sweden  and  Norway,  Denmark,  Schleswig-Holstein,  Mech- 
lenbuig,  and  Hanover — lands  therefore,  of  the  North-Germau-Scandi- 
navian  culture  circle,  toward  which  Germanic  primitive  history 
gravitates.  With  these  luren  the  history  of  our  familiar  European 
music  b^ns. 

It  is  truly  with  beautiful  and  inspiring  sounds  that  it  thus  b^ins. 
The  luren  can  still  be  played  upon  to-day.  Their  sound  is  soft  and 
full,  having  somewhat  the  character  of  our  old  trombones.  The 
deep,  funnel-shaped  mouthpiece  also  corresponds  to  that  of  our 
trombones,  while  the  system  of  its  tube,  which  is  conical  throughout 
its  length,  corresponds  to  that  of  the  modem  French  horn.  Twelve 
tones,  in  tJiree  and  a  half  octaves,  can  be  drawn  from  the  instrument 
with  ease,  and  a  clever  performer  can  increase  the  number  to  22. 
It  has  been  attempted  to  make  exact  casts  of  the  luren,  but  this  has 
not  succeeded.  The  inner  surface  of  the  walls,  which  are  only  1  to 
1.5  mm.  thick,  we  are  unable  to  make  as  smooth  as  in  the  original 
instruments,  and  it  is  exactly  this  smoothness  which  is  required  for 
tile  perfect  purity  of  ihe  tone. 

But  we  are  not  the  only  ones  to  whom  this  technoli^y  is  unknown. 
Even  in  the  time  of  the  luren  people  it  was  not  understood  outside 
of  the  North-German-Scandinavian  culture  circle.  We  have  no  such 
perfect  musical  instruments  from  any  other  region,  hence  we  can  say 
that  a  sit^Ie  tone  from  the  tube  of  the  luren,  in  its  radiant  purity, 
dissolves  into  nothingness  all  those  fantastic  pictures  which  represent 
to  us  the  German  Northland  as  having  been  the  home  of  a  half-wild, 
barbaric  people  who,  in  their  culture,  did  not  admit  of  any  compari- 
son with  those  of  the  South  and  East. 

In  1892  some  luren  were  brought  into  use  at  a  meeting  of  the 
Antiquanan  Society  of  Copenhagen  by  a  number  of  concert  playeis. 
A  report  on  this  noteworthy  session  may  be  found  in  the  Zeitachrift 
fOr  Ethnologic  for  1892.  The  admiration  was  greatest  when  the 
musicians  without  difficulty  played  some  folk  songs  and  marches. 
This  was  possible  on  account  of  the  large  intervals  of  the  luren,  which 
are  in  the  natural  key.  With  such  instruments  at  hand  a  return 
would  not  be  made  to  the  monotony  of  a  rigid  horizontal  music. 
Thus  the  luren  furnish  us  clear  proof  that  already  more  than  3,000 
years  ago  Europe  possessed  its  characteristic  tuusic,  and  that  on  this 
music  is  based  our  present  musical  perception,  which  is  so  sharply 
differentiated  from  tiat  of  primitive  peoples. 
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But  there  is  still  another  conjecture  of  much  deeper  import  which 
arises  through  the  discovery  of  the  luren.  Angul  Hanunench  iirst 
pronounced  the  opinion  in  the  "Memoirs  of  the  Antiquities  of  the 
North"  that  the  luren-folk  might  ah-eady  have  been  acquainted  with 
a  well-developed  two-voiced  music,  which  corresponded  to  our  har- 
mony in  all  essential  elements.  It  must  be  remarked  that  the  luren 
performers  were  always  depicted  in  pairs;  as,  for  example,  in  the 
HaJle  designs  and  the  well-known  tablet  of  the  civic  monument.  In 
^reement  with  that,  the  luren  themselves  are  almost  always  found 
in  pairs.  They  are  always  similarly  shaped  and  correspond  exactly 
not  only  in  size  *aid  ornamental  decoration  but  are  tuned  exactly  to 
the  same  pitch.  The  possibility  arises  from  this  that  the  two  luren 
players  played  in  unison,  but  it  is  not  clear  why  one  would  wish  to 
hear  the  same  notes  from  two  players.  There  is  a  strong  probabihty 
that  the  intervals  of  the  two  luren  were  the  same.  Our  folk  songs 
progress  in  thirds  and  sixths  bound  together  by  fifths  and  fourths 
when  they  are  sui^  as  duets.  In  this  form  also  the  luren  performers 
could  play  them  perfectly  well.  It  is  probable  at  least  that  the  luren 
people  were  already  familiar  with  two-voiced  songs,  and  that  our 
two-voiced  hunting  signal  already  resounded  in  the  German  primeval 
forest.  Such  a  vicfw  becomes  almost  a  certainty  when  we  see  how 
the  historical  knowledge  of  the  primitive  history  of  polyphony  leads 
us  back  again  into  the  German  Northland,  and  to  the  secular  folk- 
songs found  there. 

To  a  musician  there  is  no  need  of  proof  that  a  people  who  had 
luren  must  also  have  known  of  stringed  instruments  of  a  well- 
developed  kind.  TTie  oldest  literary  testimony  regarding  northern 
strii^d  instruments  reaches  back  only  to  Diodorus,  who  describes 
the  satirical  songs  and  the  hymns  of  the  Celts  and  Germans,  who 
accompanied  themselves  with  lyre-like  instruments.  Three  Gallic 
coins  of  the  time  of  Caesar  acquaint  us  with  the  form  of  these  instru- 
ments. They  correspond  throughout  with  the  oldest  Greek  stringed 
instruments.  From  a  sounding  board  a  horn  rises  on  the  right  and 
another  on  the  left,  and  the  horns  are  bound  together  by  a  crossbar 
from  which  the  strings  extend  to  the  sounding  board. 

The  northern  origin  of  this  instrument  was,  moreover,  probable. 
Greece  had  not  possessed  instruments  of  this  kind  for  a  long  time 
when  that  money  was  coined,  and  it  is  not  to  be  supposed  that  the 
Celts  and  Germans  busied  themselves  with  classical  antiquarian 
studies.  Hiere  ia  an  old  traditional  saying  according  to  which  the 
ancient  Greek  other  was  of  Thracian  origin.  Direct  testimony  of  a 
prehistoric  kind  for  the  confirmation  of  this  idea  waa  desirable,  and 
this  we  have  now  had  since  1892.  Near  Marz  in  Hungary  were  found 
the  well-known  black  urns  with  figured  designs    Cillustrated  by 
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H6niea),  and  Fleischer  recognized  on  one  of  them  a  player  with  a 
four-3tringed  lyre  which  corresponded  exactly  with  the  form  on  the 
Gallic  coins. 

The  further  developmental  history  of  the  northern  lyre  places  us 
in  the  fortunate  position  of  being  able  to  make  some  assertion  regard- 
ing the  tuning  of  the  strings,  Fleischer  has  here  already  drawn  the 
necessary  conclusions.  The  next  higher  type  above  the  Marz  form 
we  have  in  the  celebrated  Lupfenberg  find  dating  from  about  the 
fourth  to  the  seventh  cfentury  of  the  Christian  era  and  now  in  the 
Berlin  Museum.  The  instrument  ia  no  longer  three-stringed,  but 
six-stringed.  This  old  German  instrument  is  itself  again  the  unmis- 
takable link  between  the  Marz  type  and  the  West  European  chrotta, 
wluch  was  aheady  mentioned  by  Venantiua  Portunatus,  and  continued 
in  existence  in  Ireland,  Wales,  and  Brittany  until  the  beginning  of 
the  nineteenth  century.  The  thick  strings  of  the  chrotta  are  tuned 
to  the  fundamental  tone,  the  fourth,  and  the  fifth  of  a  lower  and  the 
next  higher  octave.  In  the  seven-stringed  instruments  the  last 
string  repeats  the  fundamental  tone  higher  up.  On  account  of  the 
enduring  persistence  of  folk  customs  there  can  be  no  doubt  that 
the  three  or  four  strings  of  the  oldest  northern  zithers  were  tuned 
in  the  same  way.  It  is  to  be  observed,  further,  according  to  Boethius, 
that  the  oldest  Greek  zithers  were  likewise  tuned  to  the  fundamental 
tone,  fourth,  fifth,  and  octave.  They  are  the  constant,  unchanging 
intervals  of  the  entire  European  music  system. 

The  luren  and  lyres  indicate  such  a  distinct  and  purposeful  music 
that  one  can  believe  that  the  discovery  of  the  crudest  notation  must 
have  insured  for  it  the  highest  and  quickest  development.  But  it 
did  not  reach  this  development  until  very  late.  An  entirely  stagnant 
and  musically  sterile  century  intervenes  between  that  first  epoch  of 
the  foundation  and  that  other  one  of  the  development.  In  this 
period  the  development  of  the  vertical  European  music  was  inter- 
nipted  by  something  which  in  its  kind  was  remarkably  similar  to 
certain  musical  developments  of  the  South  and  East,  namely,  the 
old  church  music. 

3.  THE  MUSICAL  SBKTIBiENT  OP  EARLY  BUROPBAN  CHRISTIANITY. 

The  words  "church  music"  have  tor  us  to-day  a  very  beautiful  sound. 
We  think  of  Palestrina  or  of  Bach  and  the  hundred-voiced  choirs  and 
organ  music.  All  surge  together  in  a  mighty  and  majestic  harmony, 
a  wonderfully  sublime  music,  which  at  the  sound  of  the  church  bell 
dominates  wide  stretches  of  country.  That  so  much  beauty  could  not 
come  to  us  fully  complete  is  clear  without  further  explanation.  The 
foundations  of  the  whole  we  owe  to  the  church.  We  are  reminded 
here  of  an  old  and  quaint  misconception.     Gustav  Freytag  gives  the 
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beat  expression  to  this  when,  in  his '  'PictureB  of  the  German  Past "  he 
muses  on  how  solemnly  the  first  bells  must  have  sounded  in  the 
German  primeval  forest.  Now  these  first  church  bells  were  small 
instruments  made  out  of  pieces  of  tin  and  iron  nuled  together  and 
hung  in  clumsy  wooden  frames,  and  their  sharp  tinkling  was  certainly 
not  an  agreeable  sound.  'What  we  call  church  music,  however,  has 
no  other  relation  to  the  musical  art  of  early  Christianity  than  that 
which  the  sound  of  our  splendid  church  bells  has  to  these  miserable 
tinklings. 

We  have  at  present  the  opportunity  of  demonstrating  the  effect 
of  the  old  (Thristain  church  music  in  the  numerous  fonns  of  the 
liturgic  songs  which  the  church  has  preserved  with  exact  fidelty,  at 
least  as  regards  their  tune.  Among  all  these  forms  there  is  scarcely 
a  more  eloquent  one  than  the  responsive  chant  of  the  litany  on  a  fast 
day.  Kegarding  the  significance  and  the  range  of  the  idea  of  the 
cantus  planus,  or  plain  song,  one  may  dispute,  but  what  musica  plana — 
that  is,  even,  compact  music — means,  everyone  knows  who  has  once 
felt  the  charm  of  the  powerful  liturgic  songs.  The  monotony  of 
these  songs,  which  we,  fascinated,  can  not  discern  as  coming  from  any 
particular  place,  and  of  which  the  hvely  rhythm  of  the  words  does 
not  relieve  the  rigidity  benumbs  the  senses  and  makes  them  sus- 
ceptible of  su^estions  of  all  kinds.  It  is  entirely  immaterial  what 
immediate  origin  one  may  assign  to  the  old  Christian  psalmody, 
whether  to  the  Jewish  responsive  chanting,  the  Greek  ceremonial 
music,  or  (as  is  made  probable  by  the  latest  investigation  of  music) 
thejoint  spoken  prayerthat  the  priest  pronoimces  first  and  the  congre- 
gation repeats  after  him,  always  in  the  same  restrained  penitent  tone, 
one  may  say,  which  characterized  the  litany.  The  essential  fact  is 
that  the  clear  and  unmistakable  general  character  of  the  old 
Christian  psalmody  approaches  the  primitive  horizontal  music,  and 
that  it  is  entirely  foreign  to  the  characteristic  European  feeling. 

Attempts  are  constantly  made  in  certain  quarters  to  ascribe  to  the 
oldest  church  music  a  definite  sensuous  beauty  which  it  can  not 
have  had.  The  cantus  planus  itself  must  be  a  very  late  develop- 
ment and  identical  with  the  cantus  firmus,  a  firm  principal  part 
around  which  a  series  of  subordinate  parts  are  woven.  From  such 
beginnings  it  is  not  possible  to  explain  any  litany,  or  indeed  any  later 
choral.  It  can  not  have  been  djfferent  with  music  than  with  the 
structural  arts.  We  see  the  Christians  taking  over  the  types  of 
classical  art,  but  with  their  transference  the  old  life  was  unfavorably 
affected.  The  ancients  thought  in  marble  and  bronze,  while  Ouisten- 
dom,  hfce  priestly  Egypt,  thought  in  granite,  and  a  granite  saint  must 
hold  the  same  relation  to  a  Greek  statue  as  the  early  church  music 
to  the  musica!  art  ot  antiquity.  A  really  free,  lightly  moving  music 
would  have  been  the  w'ldest  disturbance  in  the  early  Christian  church. 
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The  biEhops  and  popes,  moreover,  knew  how  to  preserve  the  siiaplicity 
of  their  granite  style. 

Our  picture  would  be  incomplete  if  we  did  not  bring  to  mind  what 
the  ecclesiastical  authority  made  out  of  the  social  position  of  sin^ 
ers  and  performers.  We  know  how  highly  singors  were  appreciated 
in  the  old  courts,  what  esteem  the  "Skopen"  had,  ^nd  the  noble 
forms  of  Volker  and  Horand  are  familiar  to  us  from  the  Nibelungen 
Lied.  The  church  knew  how  to  break  down  this  universal  respect. 
In  the  eyes  of  its  authorities  the  singers  and  performers  were  worth- 
less vagabonds.  Though  they  were  the  phde  of  the  hall,  they  were 
branded  by  the  church  as  "the  children  of  the  devil,"  and  as  home- 
less "Hinunelsreiche"  were  chased  into  the  highways,  where  they 
might  associate  with  other  wandering  people,  jugglers,  quacks,  and 
jesters. 

A  tribe  of  really  worthless  vagabonds,  it  is  true,  associated  witit 
the  minstrels.  They  were  the  musicians  of  the  South,  who  left  Rome 
and  Italy  because  the  church  was  uncongenial  to  them.  One  knew 
how  to  distinguish  sharply  between  these  wandering  and  worthless 
people  and  the  respected  native  musicians.  But  as  the  church  then 
also  counted  those  northern  musicians  among  the  worthless,  in  so  far 
as  they  clung  to  heathenish  traditions,  these  distinctions  were  oblit- 
erated. In  the  "Saxonspiegel"  the  interpretation  of  the  church 
became  a  law,  according  to  which  a  player  was  as  much  an  outlaw 
as  a  thief  or  an  outcast.  Under  the  Swabian  and  Bavarian  law  he 
was  only  allowed  in  cases  of  violent  assault  to  strike  the  "shadow  ol 
his  tormentor."  Those  were  quite  other  times  than  the  ones  in 
which  the  "Lex  Angliorum  et  Warinorum  hoc  est  Thuringorum" 
punished  those  who  injured  the  hand  of  a  harper  four  times  as 
severely  as  those  who  injured  the  hand  of  another  freeman. 

Just  as  little  as  the  good  heathenish  practices  and  legends  could 
be  taken  away  from  the  people  by  the  most  heedless  fanaticism,  just 
so  little  could  the  heaviest  ban  of  the  church  destroy  that  i^iich  the 
despised  and  condemned  musiciaos  took  with  them  out  onto  the 
highways.  In  the  midst  of  their  necessities  these  musicians  kept 
pure  the  traditions  of  European  music  and  we  have  to  thank  them, 
before  all,  that  finally  in  the  unwelcomed  introduction  of  polyphonio 
music  Europe  had  ^ain  resisted  the  Orient  as  r^ards  musical  art. 

4.  EVOLUTION  OF  POLyPHONIC  MUSIC. 

It  is  the  last  musical  phenomenon  with  which  we  are  occupied 
here.  The  erroneous  views  which  are  current  even  in  many  scien- 
tific circles  regarding  the  origin  of  harmony  oWige  us  to  digress  a 
little  further.  According  to  an  old  aaaumption,  the  first  intervals 
which  were  perceived  both  as  connected  tones  and  as  expressively 
85360*— SM  1&12 45 
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beautiful  ones  were — after  the  octave — the  fifth  and  the  fourth. 
We  have  seen  that  the  octaves  in  our  music  have  obtained  a  certain 
value  of  expresdon.  The  same  is  the  case  with  open  fifths  and  fourths, 
which  for  chaotic  and  terrifying  parts  are  almost  a  kind  of  musical 
hieroglyphics;  for  example,  the  introduction  to  Beethoven's  ninth 
symphony  which  the  open  fifth  dominates,  and  the  entrance  of  the 
marble  statue  in  Don  Juan  which  the  powerful  fourth  intervals  of 
the  drums  characterize.  The  fourths  and  fifths  have  such  a  value  of 
expression  only  in  very  rich  and  deep  harmony.  In  themselves 
both  intervals  are  just  ae  neutral  and  inexpressive  as  the  octave. 
It  is  quite  intelligible  that  in  part  songs  the  upper  or  lower  voices 
are  placed  in  the  fifth  or  fourth  and  that  in  the  alternations  both 
voices  occasionally  hit  upon  these  intervals.  Such  a  combined  tone 
would  naturally,  however,  not  be  perceived  as  expressive,  but  only  as 
a  more  clearly  accentuated  unison. 

Notwithstanding,  only  recently  musical  theoriBts  have  asserted  with 
great  definiteness  that  the  polyphonic  Kuropean  music  began  with 
open  fourths  and  fifths.  The  aasertion  was  supported  with  many 
noteworthy  citations  from  the  "De  Harmonica  Institutione, "  dating 
from  about  880  A.  D.,  which  is  ascribed  to  the  Flemish  monk,  Hucbald. 
The  organum,  or  diaphony,  of  Hucbald  introduces  as  a  novelty  the 
progression  of  the  melody  in  open  fifths  and  fourths,  or  diapentes  and 
diatessarons.  Now  in  our  textbook  of  harmony  the  first  rule  is  a 
strong  prohibition  of  parallel  fiftl^  and  fourtl^.  The  prohibition  is 
based  not  on  cold  theory  but  on  the  distinct  recognition  of  the  fact 
that  the  sound  of  such  parallels  is  extremely  disagreeable.  One 
must  be  very  obtuse  musically  not  to  perceive  this.  If  Hucbald 
enthuses  over  the  "lovely  harmony  which  arises  from  such  a  combi- 
nation of  tones,"  he  may  indeed  have  been  a  great  scholar,  but  he  was 
certainly  an  extremely  bad  musician,  and  we  must  ask  ourselves 
whether  the  good  monk  did  not  involve  his  church  in  a  fundamental 
misunderstanding  by  taking  up  the  polyphony  practiced  out^de  the 
church,  of  which,  from  the  schooling  he  had  received  from  Boethius, 
he  had  grasped  only  the  merest  rudiments. 

The  newest  invest^ations  of  music  have  fully  established  this  view. 
The  work  "De  Harmonica  Institutione"  appeared  about  880  A.  D. 
At  least  30  years  earlier  Scotus  Erigena  published  his  "De  Divisione 
Naturae."  We  will,  following  Hugo  Riemann's  "History  of  the 
Theory  of  Music,"  listen  to  a  critical  pass^e  out  of  this  old  work.  It 
says: 

The  song  called  oi^nnum  conaiite  of  tonea  of  different  kinds  and  pitch  which  now 
eoimd  Beporately  from  each  other  in  wid«  intervals  in  a  well-oidered  ralation,  and 
now,  ia  accordance  with  a  certain  established  rule  of  the  art  applicable  to  the  diSetent 
Btylee  of  church  music,  come  together  and  thiu  produce  a  naturally  pleasing  harmony. 

From  this  passage  two  things  are  clear — first,  that  with  the  dis- 
covery of  the  so-called  organum  Hucbald  had  nothing  to  do,  that  it 
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was  a  music&l  form  which  was  known  long  before  and  commonl; 
practiced  outside  the  church;  second  (and  this  is  more  important), 
that  the  earlier  form  was  more  richly  developed.  What  Scotus 
Erigena  described  is  a  two-toned  theme  in  its  highcet  development,  and 
hence  beyond  mere  third  and  sixth  progressions.  Thus  the  fact  is 
established  that  long  before  the  church  the  people  knew  the  two-part 
theme  and  that  the  ecclesiastical  recognition  of  this  musical  form  did 
not  promote  it,  but  on  the  contrary  checked  it.  The  reaction  did  not 
atop  with  Hucbald.  Lederer  remarked  in  his  book,  "On  the  Home 
and  Origin  of  Polyphonic  Music,"  as  follows:  "The  church  in  the 
Middle  Ages  evidently  assumed  the  most  hostile  attitude  toward 
polyphony  as  an  art  foreign  to  its  fundamental  prindples,  and  we 
could  produce  instances  from  Germany,  France,  England,  and  even 
from  Iceland,  in  which  the  church  authorities  took  action  against 
polyphony.  Pope  John  XXII  finally,  in  the  year  1322,  in  the  bull 
'Docta  Sanctorum,'  solemnly  expelled  it,  rooted  it  up  from  the 
ground,  and  rejected  it."  Polyphonic  music  was  disseminated 
through  Europe,  not  through  but  in  opposition  to  the  church. 

The  question  may  be  asked  where  its  sources  are  in  reahty  to  be 
looked  for.  This  has  received  different  answers.  FStis  has  assigned  it 
to  the  Normans,  Guido  Adler  to  the  old  folk  songs,  and  Lederer  to  the 
people  of  Brittany,  while  Fleischer  and  Geraldus  Cambrensis  point  to 
the  Danes  and  Norwegians.  Others  allude  to  the  construction  of 
certain  secular  instruments  that  can  only  be  played  in  intervals. 
The  most  important  are  the  oldest  violins,  three-stringed  instruments, 
in  which  for  a  long  time  the  bridge  was  wanting,  but  afterwards  when 
introduced  was  cut  off  horizontally  so  that  the  strings  had  to  be  played 
in  unison.  Two  things  are  common  to  all  these  investigations — ^firat, 
that  all  polyphonic  music  is  north  European,  and,  second,  that  it  is  of 
secular,  or  at  least  of  heathen,  origin.  As  archeologiats  we  must  con- 
tend against  the  acceptance  of  such  an  origin  as  inconceivable,  and 
if  we  have  any  hypothesis  to  propose  it  is  that  the  beginnings  of 
polyphonic  music  he  very  much  further  back,  that  the  Luren  people 
were  long  familiar  with  it,  and  that  it  is  not  absurd  to  hold  that  the 
two-voiced  music  is  as  old  at  least  as  the  Germans. 

It  is  rather  an  idle  question  as  to  which  intervals  were  first  clearly 
grasped  as  such,  which,  to  employ  a  comparison  of  Stumpf's,  first 
combined  themselves  into  a  firm  skeleton,  while  the  others  still 
remained  the  weak  parts  of  the  musical  body.  It  is  possible  that  in 
the  sound  of  the  so  naturally  produced  octaves,  fifths,  and  fourtlM 
the  knowledge  of  intervals  first  dawned.  Not  in  these  fixed  and 
therefore  inexpressive  intervals  which  are  common  to  both  kinds  of 
scales  could  music  have  become  en  art  in  the  highest  sense,  but 
through  the  active  intervab  by  which  the  major  and  minor  scales 
change,  especially  the  thirds  and  sixths.    The  sharp  produces  &e 
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major  scale,  the  flat  the  minor  scale,  and  when  one  had  first  recog» 
nized  these  differences,  namely,  the  wide,  light  scale  of  major  third 
and  sixth  and  the  narrow,  dark  scale  of  the  same  minor  uiterv&ls, 
the  differentiation  was  first  accomplished.  The  simplest  experiment 
can  convince  us  of  this.  A  melody  in  the  major  or  even  in  the  minor 
third  is  exactly  as  duJl  and  intolerable  as  a  similar  one  in  pure  fifths 
or  fourths.  The  varying  light  and  shade  in  constant  changes  from 
the  major  to  the  minor  third  produce  the  intrinsic  life.  With  the 
introduction  to  these  contraste  music  became  a  really  plastic,  three- 
dimensioned  art. 

Only  one  question  remains  now  to  be  answered.  A  harmonic 
perception  that  can  so  clearly  distinguish  between  lai^e  and  small 
intervals  is  conceivable  only  when  the  so-called  principle  of  tonality 
has  been  long  established;  that  is,  when  the  ear  has  become  accus- 
tomed to  place  every  single  tone  of  the  melody  in  relation  with  a 
dominant  fundamental  tone  from  which  the  theme  proceeds  and  to 
which  it  returns.  There  has  been  much  controversy  as  to  how  the 
development  of  this  sense  of  tone  is  to  be  r^arded.  It  is  agreed 
that  the  fundamental  tone  which  we  to-day  employ  as  a  measure 
for  a  long  time  accompanied  the  melody  audibly.  The  bagpipe, 
with  its  drone,  serves  as  the  classical  instrument  which  offera  this 
pons  asinorum  to  the  unpracticed  ear.  B«garding  the  antiquity  and 
origin  of  the  bagpipe  nothing  definite  can  be  said.  It  is  indeed  not 
necessary  to  wait  for  the  discovery  of  the  facts.  As  we  know,  the 
drums  of  primitive  people  are  often  pitched  to  quite  definite  tones, 
and  if  their  regular  rhythm  accompanied  the  song,  we  have  here 
already  a  kind  of  oi^an  point.  Incidentally  it  may  be  remarked 
that  in  the  langu^e  of  the  orchestra  the  throbbing  repetition  of  the 
same  notes  in  the  bass  is  called  a  drum  bass. 

The  case  of  the  drum  organ-point  of  primitive  people,  which  was 
universal,  is  very  similar  to  that  of  the  discovery  of  a  steam  engine. 
Primitive  people  boiled  water,  and  with  them,  as  ebewhere,  the 
steam  raised  the  lid  of  the  kettle,  but  a  black  Papin  is  unthinkable. 
Now,  turning  to  our  own  case,  in  the  perception  of  the  intervals 
which  are  produced  by  accompanying  the  melody  with  a  persistent 
fundamental  tone  lies  the  origin  of  vertical  hearing.  These  inter- 
vals could,  however,  only  be  heard  by  a  people  which  through  its 
culture  had  been  trained  to  it  in  the  necessary  manner. 

5.  THE  INCORPOEATION   OF  THE  FOREGOING  MATERIALS  INTO 
CULTURE  HISTORY. 

We  shall  confine  ourselves  to  the  most  important  points. 
The  beginmngs  of  music  lead  us  back  to  that  important  stage  of 
history  that  is  dominated  by  superstitious  beliefs.     It  is  concerned 
with  the  cosmology  which  precedes  all  animism.    Its  traces  are  still 
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to-daj  everywhere  recognizable  in  the  greatest  profusion,  an  evi^ 
dence  of  how  loi^  it  must  bare  had  power  over  mankind.  The 
clearest  example  is  i>erhaps  the  so-called  picture  magic.  The  facta 
are  well  known.  A  man  obsessed  by  superstition  (to  take  a  com- 
monest example)  believes  in  the  power  of  affecting  existence  that 
his  mere  corporeal  image  possesses.  Hence  the  so  common  fear  of 
the  photographic  camera.  Portions  of  the  body,  such  as  clippings 
of  hair  and  nails,  can,  in  magic  homeopathy,  produce  evil  effects. 
To  this  drcle  of  conceptions  belongs  also  black  magic,  which  extends 
back  into  remoto  historical  times  and  in  which  people  still  believe. 
Audree  gives  some  very  interesting  examples  of  it  in  hie  essays  on 
"Sympathy  Magic,"  and  "Pictures  rob  the  Soul"  ("New  Ethno- 
graphical Parallels").  It  is  the  same  with  amulet  and  talisman 
beliefs,  and  the  idea  of  the  pious  Italian  to  insure  for  himself  the 
protection  of  the  particular  saint  whose  image  he  carries  in  his 
bosom.  In  the  luck  penny  which  our  children  carry  in  their  purses 
to  attract  other  pennies  the  last  dim  trace  of  this  superstititiou 
remains. 

In  its  beginnings  this  entire  magic  art  was  not  so  stupid.  Napoleon 
was  accustomed  to  write  down  a  name  which  he  wished  to  remember 
and  to  throw  away  the  slip  of  paper  after  he  had  learned  the  picture 
of  the  letters.  Our  whole  mnemonic  system  is  based  on  the  same 
principle.  So,  likewise,  did  the  oldest  belief  in  picture  magic  have  an 
entirely  rational  and  purely  empirical  basis.  The  one  who  "hit  the 
quarry"  best  in  a  picture  had  the  most  fundamental  training  in  obser- 
vation and  thereby  the  best  prospect  to  strike  the  prey  in  reahty. 
Thisexplains  the  oldest  practice  of  this  art  of  drawing  which  must  once 
have  been  thoroughly  systematic.  We  have  its  precious  remains  in 
the  celebrated  paleolitluc  cave  and  rock  pictures. 

Observation  of  the  naturalistic  beginnings  of  belief  in  magic  on  the 
one  hand  and  of  its  later  mystic  developments  on  the  other  show  ua 
two  strong  evolutionary  contrasts.  From  an  originally  rational 
belief  a  magic  belief  has  developed  later.  Thatis  the  course  of  develop- 
ment as  regards  picture  magic  and  it  is  in  no  wise  different  as  regards 
tone  magic  which  precedes  all  genuine  artistic  music. 

The  oldest  sound  magic  was  also  entirely  rational.  The  observances 
in  the  two  agree.  It  is  a  kind  of  sound  magic  when  advancing  troops 
make  an  attack  with  hurrahs,  and  the  strange  war  songs  of  various 
savage  peoples,  so  often  described,  are  also  sound  ma^c.  A  hord  of 
Maoris  and  a  troup  of  Prussian  soldiers  act  here  under  the  same 
hypothesis.  This  magic  reaches  back,  moreover,  to  the  Hunting 
Age  (if  we  may  mention  this  epoch  briefly  here  without  taking  up 
the  subject  of  the  very  important  results  of  the  researches  of  Ed. 
Hahn).  In  this,  the  hunters  of  the  Old  Stone  Age  differed  in  nothing 
from  their  living  representatives,  when  they  imitate  the  black  cock, 
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'  or  whistle  as  bird  catchers.  Just  as  clever  magic  pictures  of  the 
primitive  hunting  art  consisted  of  the  drawings  in  caves  and  on  rocks 
the  sound  magic  art  was  represented  by  the  celebrated  animal  pan- 
tomimes, in  which  the  animal  voices  were  reproduced  with  much 
exactness. 

A  word  may  be  said  regarding  these  pantomimes.  It  was  formerly 
a  favorite  idea  of  the  culture  theorists,  that  in  the  animal  pantomime 
something  like  a  foreshadowing  of  a  universal  art  work  was  to  be  seen 
and  hence  an  iminteresting  art  performance.  As  a  result  of  the 
observations  of  lichtenstein,  Catlin,  and  Reade  that  view  is  no  longer 
possible.  YrjQ  Him  in  his  book  on  the  origin  of  art  remarks  quite 
correctly  that  "the  pantomimes  have  in  reaUty  just  as  practical  a 
purpose  as  the  lifelike  pictures  of  Bnimitls  with  which  hiinters  in  all 
parts  of  the  world  endeavored  to  attract  their  game  within  reach.  In 
accordance  with  the  theory  of  sjmipathetic  magic  it  is  merely  a  self- 
evident  fact  that  the  representation  of  a  thing  at  any  distance  can 
influence  the  thing  itself,  and  that  in  this  way  a  buffalo  dance,  even 
performed  in  the  camp,  can  compel  the  buffaloes  to  come  within 
reach  of  the  hunters. 

The  deceptive  appearance  of  an  absence  of  utility,  which  in  this 
case  could  lead  to  the  error  of  mistaking  a  mere  example  of  hunting 
magic  for  a  display  of  pure  dramatic  art,  makes  one  cautious  about 
regarding  any  performance  of  primitive  men  as  purely  esthetic. 

Sound  ma^c,  however,  also  arrived  at  a  mystic  stage  in  which  it 
no  longer  sought  to  exorcise  visible  beings  but  demons.  We  have 
learned  to  recognize  some  of  the  phenomena  of  this  stage,  for  example, 
the  use  of  "bull  roarers"  by  weather  magicians.  In  the  same  man- 
ner the  Basutos  employ  their  rain  flutes  in  times  of  drought.  Other 
primitive  peoples  by  whipping  the  water  imitate  the  sound  of  rain 
which  they  may  thus  bewitch.  Very  instructive  as  regards  this 
psychology  is  an  anecdote  which  Mason  relates  of  the  Pueblo  Indians. 
In  making  a  sounding  vessel  the  women  imitate  with  their  voices  the 
sound  of  a  well-burned  vessel  in  order  that  these  good  qualities  may 
be  carried  over  to  the  unfinished  piece. 

A  noteworthy  sound-magic  ph^iomenon  which  is  reported  of  the 
Arabs  gives  us  a  clew  as  to  how  the  originally  bo  naturalistic  belief 
slowly  changes  into  the  animistic.  To  the  Arabs  whistling  is  some- 
what sinful.  In  whistling  sounds  they  hear  the  "whispering  of  the 
spirits."  The  sound  of  the  wind  is  to  them  the  voice  of  the  departed. 
It  follows,  therefore,  quite  properly  that  the  spirits  which  are,  how- 
ever, feared  are  called  by  whistling.  When  the  traveler  Burckhardt 
whistled  before  the  Hejazis  they  believed  that  he  spoke  with  the 
devil. 

The  sound  magic  finally  became  fully  mystic  and  occult  in  the 
fetish  drums  and   their  curious  manipulation.    This  mystic  sound 
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magic  is  related  to  the  natural  magic  of  primitiTe  times  just  as  in 
Egyptian  art  the  strongly  stylistic  form  of  the  new  empire  is  to  the 
realistic  natural  form  of  the  older.  If  we  compare  with  the  onidely 
simple  rhythm  of  an  incessantly  beaten  fetish  drum,  the  dramatically 
presented  complexity  of  a  swiftly  moving  animal  pantomime,  the 
later  state  of  musical  development  displayed  in  the  drumming 
appears  as  an  almost  incomprehensible  impoverishment.  But  there 
also  Egypt  is  to  be  remembered.  The  rigid  style  of  the  new  empire 
only  appears  cruder  when  we  separate  the  works  from  their  environ- 
ment.  In  the  cultural  entity  it  is  shown  that  what  is  historically 
later  is  also  higher  as  r^ards  development.  The  richest  animal 
pantomimes  themselves  in  all  their  complexity  do  not  go  beyond  the 
imitation  of  noises,  but  the  rudest  fetish  drumming  itself  offers, 
instead  of  noise,  tone.  Here  music  first  takes  its  beginning  as  art. 
In  the  monotony  of  a  tone-art  realized  by  the  shaman  the  hearing 
found  its  first  methodical  schooling,  and  so  here  also  the  later  is 
the  higher  from  an  evomtionary  standpoint  in  spite  of  all  apparent 
degeneration. 

In  the  magical  and  mystical  fetish  drumming  we  observe  for  the 
first  time  how  that  element  comes  forth  more  strongly  which  in  the 
following  epoch  dominates  the  whole  musical  development — -namely, 
rhythm.  The  next  problem  as  regards  culture  history  would  be  then 
to  determine  how  from  this  rhythm,  which  is  strange  to  us,  could 
spring  the  one  we  know. 

I  believe  here  a  significant  remark  of  Livingstone's  which  is  foimd 
in  the  books  is  of  great  importance.  Livingstone  said  that  in  his 
caravan  he  had  been  able  easily  to  pick  out  the  former  slaves  from 
all  the  rest.  The  sound  of  the  drums  and  of  the  kudu  horns  appeared 
to  call  up  a  kind  of  "esprit  de  corps"  in  all  those  who  were  once 
slaves.  It  is  not  a  very  pleasing  idea  to  think  of  a  music  which 
passes  threateningly  over,  the  heads  of  the  natives  like  a  whip.  But 
the  tone-art  has  also  gone  through  this  metamorphosis. 

To  repeat,  there  are  two  kinds  of  rhythm  for  us  to  recognize;  the 
free  and  refreshing  rhythm  of  a  later  time  and  the  doleful,  disquieting 
rhythm  of  an  earlier  day.  In  the  doleful  rhythm  of  the  sacred  per- 
cussion instruments,  like  the  drums,  there  was  ^ven  to  the  shaman 
a  power  from  the  influence  of  which  only  those  with  the  strongest 
wills  could  remain  sheltered.  Bilcher  is  opposed  to  the  supposition 
that  such  a  will  can  be  practiced  as  a  power  only  by  a  ruling  cast, 
by  a  stronger  stock,  which  dominates  over  the  weaker  and  presses 
them  into  its  service.  It  may  be  that  more  extensive  data  must  be 
collected  as  a  foundation  for  this  assertion.  The  probabiUties  even 
to-day,  however,  point  toward  the  truth  of  the  two-class  theory,  as 
applying  to  the  distant  antiquity  of  the  Old  Stone  Age.  This  is  cer^ 
tainly  true,  that  the  development  of  the  tonal-art,  as  long  as  music 
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consisted  of  rhythm,  derived  all  its  essential  quaUties,  not  from  the 
conflict  between  shaman  and  layman,  but  that  between  lord  and 
slave,  between  command  and  labor. 

The  history  of  the  refrain  shows  us  how  this  rude  rhythm  disappears 
more  and  more,  and  how  music  as  melody  constantly  gains  in  extent 
and  significance.  The  oldest  refrain  divides  the  work  songs  measure 
by  measure  with  the  precision  of  clockwork.  Their  rhjrthm  is  as 
monotonous  as  that  of  the  drum,  and  they  themselves  are  so  com- 
pletely mere  Boond,  and  not  melody,  that  Btlcher  designat«8  them 
as  mere  animal  cries — the  groans  of  labor  become,  as  it  were,  tone. 
In  the  strange  conflict  between  the  little  interspersed  particles  of 
melody  and  the  recurring  dull  rhythm  of  the  refrain  ethnologista  are 
able  to  read  many  things.  The  free  style  of  the  leader  is  au  expres- 
sion of  the  dominating  and  compelling  caste,  which  is  more  mature 
as  regards  development.  The  rigid  regularity  of  the  refrain,  how- 
ever, forced  upon  the  chorus,  is  the  whip-rhythm  of  Livin^tone.  It 
is  that  hypnotic  music  which  was  taken  from  the  shaman  by  the  secular 
power,  and  fay  this  the  secular  power  held  the  masses  in  bondage. 

We  have  seen  how  the  b^inamgs  of  music  as  an  art  lay  enthr&Jled, 
and  have  sought  the  outlet  which  led  from  this  condition  of  cap- 
tivity to  greater  freedom.  No  savage  people,  so  long  as  they  remain 
uninfluenced,  can  rise  above  a  certain  grade  of  horizontal,  two- 
dimension  music.  It  is  Europe,  and  the  dominating  races  of  the 
north  of  Europe,  that  have  rendered  this  decisive  service.  This 
possibility  arose  from  the  purer,  more  intellectual  atmosphere,  which 
developed  the  gloomy  death  cult  of  earUer  times  into  the  freedom  of 
the  Btm  cult.  From  the  cave  cult  of  the  south  and  of  the  less 
developed  races  has  come  the  high  cult  of  the  north.  The  thought 
and  feeling  of  the  northern  races  was  joined  to  a  freer  and  broader 
cosmogony,  and  to  this  greater  freedom  we  owe  the  b^iunings  of 
our  Eim>pean  music. 
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EXPEDITION  TO  THE  SOUTH  POLE.' 


By  RoALD  Amundsen. 


The  plan  of  the  third  Fram  expedition  was  twofold:  First,  the 
attainment  of  the  South  Pole,  and,  second,  the  exploration  of  the 
north  polar  regions.  This  evening  I  have  the  honor  to  report  to  jou 
on  the  accomplishment  of  the  first  part  of  this  plan. 

I  can  only  briefly  mention  here  the  expeditions  which  have  worked 
in  the  region  which  we  had  selected  for  our  starting  point.  As  we 
wished  to  reach  the  South  Pole,  our  ftret  problem  was  to  go  south  as 
far  as  possible  with  our  ship  and  there  establish  our  station.  Even 
so,  the  sled  journeys  would  be  long  enough.  I  knew  that  the  English 
expedition  would  again  choose  their  old  winter  quarters  in  McMurdo 
Sound,  South  Victoria  Land,  as  their  starting  point.  From  news- 
paper report  it  was  known  that  the  Japanese  had  selected  K"ing 
Edward  VTI  Ijand,  In  order  to  avoid  these  two  expeditions  we  had 
to  establish  our  station  on  the  Great  Ice  Barrier  as  far  as  possible 
from  ihe  starting  points  of  the  two  other  expeditions. 

The  Great  Ice  Barrier,  also  called  the  Roas  Barrier,  lies  between 
South  Victoria  Land  and  King  Edward  VII  Land  and  has  an  extent 
of  about  515  miles.*  The  firat  to  reach  this  mighty  ice  formation 
was  Sir  James  Clark  Ross  in  1841.  He  did  not  dare  approach  the 
great  ice  wall,  100  feet  high,  with  his  two  sailing  ships,  the  Erebus 
and  the  Terror,  whose  progress  southward  was  impeded  by  this 
mighty  obstacle.  He  examined  the  ice  wall  from  a  distance,  how- 
ever, as  far  as  possible.  His  observations  showed  that  the  Barrier  is 
not  a  continuous,  abrupt  ice  wall,  but  is  interrupted  by  bays  and 
small  channels.  On  Ross's  map  a  bay  of  considerable  magnitude 
may  be  seen. 

The  next  expedition  was  that  of  the  Soyihem  Orosa  in  1900.  It 
is  interesting  to  note  that  this  party  found  the  bay  mentioned  above 
at  the  same  place  where  Ross  had  seen  it  in  1S41,  nearly  60  years 
before;  that  this  expedition  also  was  able  to  land  a  few  miles  to  the 
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eaat  of  the  lai^e  bay  in  a  small  bay,  named  Balloon  Bight,  and  from 
there  to  ascend  the  Ice  Barrier,  which  heretofore  had  been  considered 
an  insurmountable  obstacle  to  further  advance  toward  the  south. 

In  1901  the  Discovery  steamed  along  the  Barrier  and  confirmed  in 
every  respect  what  the  Southern  Cross  had  observed.  Land  was  also 
discovered  in  the  direction  indicated  by  Ross,  namely,  Eing  Edward 
Vn  Land.  Scott,  too,  landed  in  Balloon  Bight,  and,  like  his  prede- 
cessors, saw  the  laige  bay  to  the  west. 

In  1908  Shacfcleton  arrived  there  on  the  Nimrod.  He,  too,  fol- 
lowed along  the  edge  of  the  Ice  Barrier.  He  came  to  the  conclusion 
that  disturbances  had  taken  place  in  the  Ice  Barrier.  The  shore  line 
of  Balloon  Bight,  he  thought,  had  changed  and  merged  with  the  large 
bay  to  the  west.  This  large  bay,  which  he  thought  to  be  of  recent 
origin,  he  named  Bay  of  Whales.  He  gave  up  his  original  plan  of 
landing  there,  as  the  Ice  Barrier  appeared  to  him  too  dangerous  for 
the  establishment  of  winter  quarters. 

It  was  not  difficult  to  determine  that  the  bay  shown  on  Ross's 
map  and  the  so-called  Bay  of  Whales  are  identical;  it  was  only 
necessary  to  compare  the  two  maps.  Except  for  a  few  pieces  that 
had  broken  off  from  the  Barrier,  the  bay  had  remained  the  same  for 
the  last  70  years.  It  was  therefore  possible  to  assume  that  the 
bay  did  not  owe  its  origin  to  chance  and  that  it  must  be  underlain 
by  land,  either  in  the  form  of  sand  banks  or  otherwise. 

This  bay  we  decided  upon  as  our  baee  of  operations.  It  lies  40O 
miles  from  the  English  station  in  McMurdo  Sound  and  115  miles 
from  King  Edward  VII  Land.  We  could  therefore  assume  that  we 
should  be  far  enough  from  the  English  sphere  of  interest  and  need 
not  fear  crossing  the  route  of  the  English  expedition.  The  reports 
concerning  the  Japanese  station  on  King  Edward  VII  Land  were 
indefinite.  We  took  it  for  granted,  however,  that  a  distance  of  115 
miles  would  suffice. 

On  August  9,  1910,  we  left  Norway  on  the  Fram,  the  ship  that  had 
originally  been  built  for  Nansen.  We  bad  97  superb  Eskimo  doga 
and  provisions  for  two  years.  The  first  harbor  we  reached  was 
Madeira.  There  the  last  preparations  were  made  for  our  voyage 
to  the  Ross  Barrier — truly  not  an  insignificant  distance  which  we 
had  to  cover,  namely,  16,000  nautical  miles  from  Norway  to  the 
Bay  of  Whales.  We  had  estimated  that  this  trip  would  require 
five  months.  The  From,  which  has  justly  been  called  the  stanchest 
polar  ship  in  the  world,  on  this  voyage  across  practically  all  of  the 
oceans  proved  herself  to  be  extremely  seaworthy.  Thus  we  traversed 
without  a  single  mishap  the  regions  of  the  northeast  and  of  the 
southeast  trades,  the  stormy  seas  of  the  "roaring  forties,"  the  fogs 
of  the  fifties,  the  ice-filled  sixties,  and  reached  our  field  of  work  at 
the  Ice  Barrier  on  January  14, 1911.    Everything  had  gone  splendidly. 
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The  ice  in  the  Bay  of  Whales  had  just  broken  up,  and  we  were  able 
to  advance  considerably  farther  south  than  any  of  our  predecessors 
had  done.  We  found  a  quiet  little  nook  behind  a  projecting  ice 
cape;  from  here  we  could  trailer  our  equipment  to  the  Barrier  with 
comparative  safety.  Another  great  advantage  was  that  the  Barrier 
at  this  place  descended  very  gradually  to  the  sea  ice,  so  that  we  had 
the  best  possible  surface  for  our  sleds.  Our  first  undertaking  was 
to  ascend  the  Barrier  in  order  to  get  a  general  survey  and  to  deter- 
mine a  suitable  place  for  the  erection  of  the  house  which  we  had 
brought  with  us.  The  supposition  that  this  part  of  the  Barrier  rests 
on  land  seemed  to  be  coi^rmed  immediately  by  our  surroundings. 
Instead  of  the  smooth,  flat  surface  which  the  outer  wall  of  the  Bar- 
rier presents,  we  here  found  the  surface  to  be  very  uneven.  We 
everywiiere  saw  sharp  hills  and  points  between  which  there  were 
pressure  cracks  end  depressions  filled  with  huge  masses  of  drift. 
These  features  were  not  of  recent  date.  On  the  contrary,  it  was 
easy  to  see  that  they  were  very  old  and  that  they  must  have  had 
their  origin  at  a  time  which  long  preceded  the  period  of  Ross's  visit. 

Originally  we  had  planned  to  establish  our  station  several  miles 
from  the  edge  of  the  Barrier,  in  order  not  to  subject  ourselves  to  the 
danger  of  an  unwelcome  and  involuntary  sea  trip,  which  mi^t  have 
occurred  had  the  part  of  the  Barrier  on  which  we  erected  our  house 
broken  oflf.  This  precaution,  however,  was  not  necessary,  as  the 
features  which  we  observed  on  our  first  examination  of  the  area 
offered  a  sufficient  guarantee  for  the  stability  of  the  Barrier  at  this 
point. 

In  a  small  valley,  hardly  2}  miles  from  the  ship's  anchorage,  we 
therefore  selected  a  place  for  our  winter  quarters.  It  was  protected 
from  the  wind  on  all  sides.  On  the  next  day  we  began  unloading  the 
ship.  We  had  brought  with  us  material  for  house  building  as  well  as 
equipment  and  provisions  for  nine  men  for  several  years.  We  divided 
into  two  groups — the  ship's  group  and  the  land  group.  The  first  was 
composed  of  the  commander  of  the  ship,  Capt.  Nilsen,  and  the  nine 
men  who  were  to  stay  on  board  to  take  the  Fium  ont  of  the  ice  and 
to  Buenos  Aires.  The  other  group  consisted  of  the  men  who  were 
to  occupy  the  winter  quarters  and  mardi  on  to  the  south.  The  ship's 
group  had  to  unload  everything  from  the  ship  upon  the  ice.  There 
.  the  land  group  took  chaise  of  the  cargo  and  brought  it  to  the  building 
site.  At  first  we  were  rather  unaccustomed  to  work,  as  we  had  had 
Httle  exercise  on  the  long  sea  voyage.  But  before  long  we  were  all 
"broken  in,''  and  then  the  transfer  to  the  site  of  our  home  "Fram- 
heim"  went  on  rapidly;  the  house  grew  daily. 

When  all  the  material  had  been  landed  our  skiUed  carpenters,  Olav 
Bjaaland  and  Jdi^en  Stubberud,  b^an  building  the  house.  It  was 
a  ready-made  house  which  we  bad  brought  with  us;  nothing  bad  to 
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be  done  but  to  put  together  the  various  Dumbered  parts.  In  order 
that  the  house  might  brave  all  stomiB,  its  bottom  rested  in  an  exca- 
vation 4  feet  beneath  the  surface.  On  January  28,  14  days  after  our 
arrival,  the  house  was  completed,  and  all  provisions  had  been  landed. 
A  gigantic  task  had  been  performed;  everything  seemed  to  point 
toward  a  propitious  future.  But  no  time  was  to  be  tost;  we  h&d  U> 
make  use  of  every  minute. 

The  land  group  had  in  the  meantime  been  divided  into  two  parties, 
one  of  which  3aw  to  it  that  the  provisions  and  equipment  still  lacking 
were  taken  out  of  the  ship.  The  other  party  was  to  prepare  for  an 
excursion  toward  the  south  which  had  in  view  the  exploration  of  the 
immediate  environs  and  the  establishment  of  a  depot. 

On  February  10  the  latter  group  marched  south.  There  were  4  of 
us  with  18  dogs  and  3  sleds  packed  with  provisions.  That  morning 
of  our  start  is  still  vividly  in  my  memory.  The  weather  was  calm, 
the  sky  hardly  overcast.  B^ore  ua  lay  the  large,  unlimited  snow 
plain,  behind  us  the  Bay  of  Whales  with  its  projecting  ice  capes  and 
at  its  entrance  our  dear  ship,  the  Fram.  On  board  the  flag  was 
hoisted;  it  was  the  last  greeting  from  our  comrades  of  the  ship.  No 
one  knew  whether  and  when  we  should  see  each  other  again.  In  all 
probability  our  comrades  would  no  longer  be  there  when  we  returned; 
a  year  would  probably  elapse  before  we  could  meet  again.  One 
more  glance  backward,  one  more  parting  greeting  and  then — 
forward. 

Our  first  advance  on  the  Barrier  was  full  of  excitement  and  sua- 
|>ense.  So  many  questions  presented  themselves:  What  will  be  the 
nature  of  the  region  we  have  to  cross  1  How  will  the  sleds  behavel 
Will  our  equipment  meet  the  requirements  of  the  situation  1  Have 
we  the  proper  hauling  power  t  If  we  were  to  accomplish  our  object, 
everything  had  to  be  of  the  best.  ■  Our  equipment  was  substantially 
different  from  that  of  our  English  competitors.  We  placed  our 
whole  trust  on  Eskimo  dogs  and  skis,  while  the  English,  as  a  result 
of  their  own  experience,  had  abandoned  dogs  as  well  as  skis,  but,  on 
the  other  hand,  were  well  equipped  with  motor  sleds  and  ponies. 

We  advanced  rapidly  on  the  smooth,  white  snow  plain.  On 
February  14  we  reached  80°  S.  We  had  thus  covered  99  miles.  We 
established  a  depot  here  mainly  of  1,300  pounds  of  provisions,  which 
we  intended  to  use  on  our  main  advance  to  the  south  in  the  spring. 
The  return  journey  occupied  two  days;  on  the  first  we  covered  40 
miles  and  on  the  second  57  miles.  When  we  reached  our  station 
the  Fram  had  aheady  left.  The  bay  was  lonely  and  deserted;  only 
seals  and  penguins  were  in  possession  of  the  place. 

This  first  excursion  to  the  south,  although  brief,  was  of  great 
importance  to  us.  We  now  knew  definitely  that  our  equipment  and 
our  pulling  power  were  eminently  suited  to  the  demands  upon  thom, 
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In  their  eelection  no  mistake  had  been  made.    It  was  now  for  us  to 
make  use  of  everything  to  the  best  advantage. 

Our  sojourn  at  the  station  was  only  a  short  one.  On  February  22 
we  were  ready  again  to  carry  supplies  to  a  more  southern  depot.  We 
intended  to  push  this  depot  as  far  south  as  possible.  On  this  occasion 
our  expedition  consisted  of  8  men,  7  sleds,  and  42  dogs.  Only  the 
cook  remained  at  "Framheim." 

On  February  27  we  passed  the  depot  which  we  had  established  at 
80"*  S.;  we  found  eveiything  in  the  best  of  order.  On  March  4  we 
reached  the  eighty-first  parallel  and  deposited  there  1,150  pounds  of 
proTisions.  Three  men  returned  from  here  to  the  station,  while  the 
five  others  continued  toward  the  south  and  reached  the  e^ty-eecond 
parallel  on  March  8,  depositing  there  1,375  pomids  of  provisions. 
We  then  returned,  and  on  March  22  were  again  at  home.  Before 
the  winter  b^jan  we  made  another  excursion  to  the  depot  in  80°  S., 
and  added  to  our  supplies  there  2,400  pounds  of  freeh  salt  meat  and 
440  pounds  of  other  provisions.  On  April  11  we  returned  from 
this  excursion;  this  ended  all  of  our  work  connected  with  the  estab- 
lishment of  depots.  Up  to  that  date  we  had  carried  out  6,700  pounds 
of  provisions  and  had  distributed  these  in  three  repositories. 

The  part  of  the  Barrier  over  which  we  had  gone  heretofore  has  an 
average  height  of  165  feet  and  looked  like  a  flat  plain  which  continued 
with  slight  undulations  without  any  marked  featiires  that  could  have 
served  for  orientation.  It  has  heretofore  been  the  opinion  that  on 
such  an  endless  plain  no  provisions  can  be  cached  without  risking 
their  loss.  If  we  were,  however,  to  have  the  slightest  chance  of 
reaching  our  goal  we  had  to  establish  depots,  and  that  to  as  great  an 
extent  as  possible.  This  question  was  discussed  among  us,  and  we 
decided  to  establish  signs  across  our  route,  and  not  along  it,  as  has 
been  generally  done  heretofore.  We  therefore  set  up  a  row  of  signs 
at  right  angles  to  our  route — that  is,  in  an  east-west  direction  from  our 
depots.  Two  of  these  signs  were  placed  on  opposite  sides  of  each  of 
the  three  depots,  at  a  distance  of  5.6  miles  (9  kilometers)  from  them; 
and  between  the  signs  and  the  depot  two  flags  were  erected  for  every 
kilometer.  In  addition,  all  flags  were  marked  so  that  we  might  know 
the  direction  and  distance  of  the  depot  to  which  they  referred.  This 
provision  proved  entirely  trustworthy;  we  were  able  to  find  our 
depots  even  in  dense  fog.  Our  compasses  and  pedometers  were 
tested  at  the  station;  we  knew  that  we  could  rely  upon  them. 

By  our  excursions  to  the  depots  we  had  gained  a  great  deal.  We 
had  not  only  carried  a  large  amount  of  provisions  toward  the  south, 
but  we  hod  also  gained  valuable  experience.  That  was  worth  more 
and  was  to  be  of  value  to  us  on  our  final  advance  to  the  pole. 

The  lowest  temperature  we  had  observed  on  these  depot  excursions 
was  — 50°  C.    The  fact  that  it  was  still  summer  when  we  recorded 
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this  temperature  warned  ua  to  see  that  our  equq>meiit  was  in  good 
condition.  We  also  realized  that  our  heavy  sleds  were  too  unwieldly 
and  that  they  could  easily  be  made  much  lighter.  This  <aiticiBm  was 
equally  applicable  to  the  greater  part  of  our  equipment. 

Several  days  before  the  disappearance  of  the  sun  were  devoted  to 
hunting  seal.  The  total  weight  of  the  seals  killed  amounted  to 
132,000  pounds.  We  therefore  had  ample  provisions  for  ourselves 
as  well  as  for  our  115  dogs. 

Our  next  problem  was  to  supply  a  protective  roof  for  our  dc^. 
We  had  brought  with  us  10  lai^e  tents,  in  which  16  men  could  easily 
find  room.  They  were  set  up  on  ihe  Ice  Barrier;  the  snow  was  then 
dug  out  to  a  depth  of  6^  feet  inside  the  tents,  so  that  each  dog  hut 
was  nearly  20  feet  high.  The  diameter  of  a  d(^  hut  on  the  ground 
was  16  feet.  We  made  these  huts  spacious  so  that  they  might  be  as 
airy  as  possible  and  thus  avert  the  frost  which  is  so  injurious  to  dogs. 
Our  purpose  was  entirely  attained,  for  even  in  the  severest  weather 
no  dogs  were  frozen.  The  tents  were  always  warm  and  comfortable. 
Twelve  dogs  were  housed  in  each,  and  every  man  had  to  take  care  of 
his  own  pack. 

After  we  had  seen  to  the  wants  of  the  d<^  we  could  then  think  of 
ourselves.  As  early  as  April  the  house  was  entirely  covered  by  soow. 
In  this  newly  drifted  snow  passageways  were  dug  connecting  directly 
with  the  dog  huts.  Ample  room  was  thus  at  our  disposal  without 
the  need  on  our  part  of  furnishing  building  material.  We  had  work- 
shops, a  blacksmith  shop,  a  room  for  sewing,  one  for  packing,  a  stor- 
fl^e  room  for  coal,  wood,  and  oil,  a  room  for  re^lar  baths,  and  one 
for  steam  baths.  The  winter  might  he  as  cold  and  stormy  as  it 
would,  it  could  do  us  no  harm. 

On  April  21  the  sun  disappeared  and  the  longest  night  b^an  which 
had  ever  been  experienced  by  man  in  the  Antarctic.  We  did  not 
need  to  fear  the  loi^  night  for  we  were  well  equipped  with  provisions 
for  years  and  had  a  comfortable,  well-ventilated,  well-situated  and 
protected  house.  In  addition,  we  had  our  splendid  bathroom  where 
we  could  take  a  bath  every  week.  It  really  was  a  veritable  sanato- 
rium. 

After  these  arrangements  had  been  completed  we  b^au  prepara- 
tions for  the  main  advance  in  the  following  spring.  We  had  to 
improve  our  equipment  and  make  it  lighter.  We  discarded  all  our 
sleds,  for  th^  were  too  heavy  and  unwieldly  for  the  smooth  surface 
of  the  Ice  Barrier.  Our  sleds  weighed  165  pounds  each.  Bjaaland, 
our  ski  and  sled  ipaker,  took  the  sleds  in  hand,  and  when  spring  ai^ 
rived  he  had  entirely  made  over  our  sledge  equipment.  These  sleds 
weighed  only  one-third  as  much  as  the  old  ones.  In  the  same  way  it 
was  possible  to  reduce  the  weight  of  all  other  items  of  our  equipment. 
Fadong  the  provisions  for  the  sledge  journey  was  of  the  greatest 
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importance.  Capt.  JohanseD  attended  to  this  work  during  the  win- 
ter. Each  of  the  42,000  loaTes  of  hard  bread  had  to  be  handled 
separately  before  it  could  be  assigned  to  its  proper  place.  In  this  way 
the  winter  passed  quickly  and  agreeably.  All  of  us  were  occupied 
all  the  time.  Our  house  was  warm,  dry,  l^ht,  and  airy,  and  we  all 
enjoyed  the  best  of  health.  We  had  no  physician  and  needed  none. 
MeteoToIc^cal  observations  were  taken  continuously.  The  results 
were  surprising.  We  had  thought  that  we  should  have  disagreeable, 
stormy  weather,  but  this  was  not  the  case.  During  the  whole  year 
of  our  sojourn  at  the  station  we  experienced  only  two  moderate 
storms.  The  rest  of  the  time  light  breezes  prevailed,  mainly  from  an 
easterly  direction.  Atmospheric  pressure  was  as  a  rule  very  low,  but 
remained  constant.  The  temperature  sank  considerab^,  and  I  deem 
it  probable  that  the  mean  annual  temperature  which  we  recorded, 

—  26°  C,  is  the  lowest  mean  temperature  whi(^  has  ever  been 
observed.  During  five  months  of  the  year  we  recorded  temperatures 
below  —50°  C.    On  August  23  the  lowest  temperature  was  recorded, 

—  59°,  'Hie  aurora  auatrdUs,  corresponding  to  the  northern  lights  of 
the  Arctic,  was  observed  frequently  and  in  all  directions  and  forms. 

This  phenomenon  changed  veiy  rapidly,  but,  except  in  certain  cases, 

was  not  very  intensive. 

On  August  24  the  sun  reappeared.  The  winter  had  ended.  Sev- 
eral days  earUer  we  had  put  everything  in  the  best  of  order,  and  when 
the  sun  rose  over  the  Barrier  we  were  ready  to  start.  The  dogs 
were  in  fine  condition. 

From  now  on  we  observed  the  temperature  daily  with  great  inter- 
est, for  as  long  as  the  mercuiy  remained  below  — 50°  a  start  was 
not  to  be  thought  of.  In  the  first  days  of  September  all  signs  indi- 
cated that  the  mercuiy  would  rise.  We  therefore  resolved  to  start 
as  soon  as  posfdble.  On  September  S  the  temperature  was  — 30°. 
We  started  immediately,  but  this  march  was  to  be  short.  On  the 
next  day  the  temperature  began  to  sink  rapidly,  and  several  days  later 
the  thermometer  registered  —55°  C.  We  human  heinga  could 
probably  have  kept  on  the  march  for  some  time  under  such  a  tem- 
[lerature,  for  we  were  protected  gainst  the  cold  by  our  clothing; 
but  the  dogs  could  not  have  long  withstood  this  d^ee  of  cold.  We 
were  therefore  glad  when  we  reached  the  eightieth  parallel.  We 
deposited  there  our  provisions  and  equipment  in  the  depot  which  we 
had  previously  erected  and  returned  to  "Framheim." 

Tlw  weather  now  became  very  changeable  for  a  time — the  transi- 
tional period  from  winter  to  summer;  we  never  knew  what  weather 
the  next  day  would  bring.  Frostbites  from  our  last  march  forced  us 
to  wait  until  we  definite^  knew  that  spring  had  really  come.  On 
September  24  we  saw  at  last  positive  evidence  that  spring  had  arrived; 
the  seals  began  to  clamber  up  on  the  ice.    This  sign  was  hailed  with 
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rejoicing — not  a  whit  less  the  seal  meat  which  Bjaaland  brought  on 
the  same  day.  The  dogs,  too,  enjoyed  the  arrival  of  spring.  They 
were  ravenous  for  fresh  seal  meat.  On  September  29  another  unrefut- 
able sign  of  spring  appeared  in  the  arrival  of  a  flock  of  Antarctic 
petrels.  They  flew  around  our  house  inquisitively  to  the  joy  of  all, 
not  only  of  ourselves,  but  also  of  the  dogs.  The  latter  were  wild 
with  joy  and  excitement,  and  ran  after  the  birds  in  hopes  of  getting 
a  delicate  morsel.  Foolish  dogst  Their  chase  ended  with  a  wild 
fight  among  themselves. 

On  Octeber  20  the  weather  had  at  last  become  so  stable  that  we 
could  start.  We  had,  meanwhile,  changed  our  original  plan,  which 
was  that  we  should  all  advance  southward  together.  We  realized  that 
we  could  travel  with  perfect  safety  in  two  groups  and  thus  accom- 
plish much  more.  We  arranged  that  three  men  should  go  to  the  east 
to  explore  King  Edward  VII  Land;  the  remaining  five  men  were  to 
carry  out  the  main  plan,  the  advance  on  the  South  Pole. 

October  20  was  a  beautiful  day.  dear,  mild  weather  prevailed. 
The  temperature  was  1 "  C.  above  zero.  Our  sleds  were  light,  and  we 
could  advance  rapidly.  We  did  not  need  to  hurty  our  dogs  for  they 
were  eager  enough  themselves.  We  numbered  5  men  and  52  dogs  with 
4  sleds.  Together  with  the  provisions  which  we  had  left  in  the  three 
depots  at  theeigbtieth,  the  eighty-first,  and  the  eighty-second  parallels, 
we  had  sufficient  sustenance  for  120  days- 
Two  days  after  our  departure  we  nearly  met  with  a  serious  acci- 
dent. Bjaaland's  sled  fell  into  one  of  the  num«Y>u3  crevasses.  At 
the  critical  moment  we  were  fortunately  able  to  come  to  Bjaaland's 
aid;  had  we  been  a  moment  later  the  sled  with  ite  13  dogs  would  have 
disappeared  in  the  seemingly  bottomless  pit.  ^ 

On  the  fourth  day  we  reached  our  depot  at  80°  S.  We  remained 
there  two  days  and  gave  our  dogs  as  much  seat  meat  as  thc^  would 
eat. 

Between  the  e^htieth  and  the  eighty-first  parallel  the  Barrier  ice 
along  our  route  was  even,  with  the  exception  of  a  few  low  undula- 
tions; dangerous  hidden  places  were  not  to  be  found.  The  r^on 
between  the  eighty-first  and  the  eighty-second  parallel  was  of  a 
totally  different  character.  During  the  first  19  miles  we  were  in  a 
veritable  labyrinth  of  crevasses,  very  dangerous  to  cross.  At  maity 
places  yawning  abysses  were  visible  because  large  pieces  of  the  surface 
had  broken  off;  the  surface  therefore  presented  a  veiy  unsafe  appear- 
ance. Wo  crossed  this  region  four  times  in  all.  On  the  three  first 
times  such  a  dense  fog  prevailed  that  we  could  only  recognize  objects 
a  few  foet  away.  Only  on  the  fourth  occasion  did  we  have  clear 
weather.  Then  we  were  able  to  see  tho  great  difficulties  to  wliich  we 
had  been  exposed. 
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On  November  5  we  reached  ibe  depot  at  the  e^hty-eecond  panfid 
and  foand  eT«7tlimg  in  order.  For  the  lest  time  our  dogs  vere  able 
to  hare  a  good  rest  and  eat  their  fiB;  and  th^  did  bo  thorough^ 
during  their  two  days*  rest. 

B^inning  at  the  eightieth  parallel  we  conatructed  snow  cairns 
which  should  serve  as  signposts  on  our  return.  In  all  we  erected 
150  such  signposts,  each  of  which  required  60  anaw  Modes.  About 
9,000  snow  blocks  had  therefore  to  be  cut  out  for  this  purpoee.  These 
cairns  did  not  disappoint  us,  for  th^  enabled  us  to  return  by  exactly 
the  same  route  we  had  previously  followed. 

South  of  the  eighty-second  parallel  the  Barrier  wae,  if  possible, 
still  more  even  thtm  futher  north;  we  therefore  advanced  quite 
rapidly.  At  every  unit  puallel  which  we  crossed  on  our  advance 
toward  the  south  we  eetabHished  a  depot.  We  thereby  doubtlessly 
exposed  ourselves  to  a  certain  risk,  for  there  was  no  time  to  set  up 
sign  posts  around  the  depots.  We  thwefore  had  to  rely  on  snow 
cairns.  On  the  other  hand,  our  sleds  became  lifter,  so  ^at  it  was 
never  hard  for  the  dc^  to  pull  them. 

When  we  reached  the  eighty-third  parallel  we  saw  land  in  a 
southwesterly  direction.  This  could  only  be  South  VictOTia  Land, 
probably  a  continuation  of  the  mountain  range  which  runs  in  a 
southeasterly  direction  and  which  is  shown  on  Shackelton's  map. 
From  now  on  the  landscape  changed  more  and  more  A-om  day  to 
day;  one  mountain  tHet  another  loomed  up,  one  always  higher  than 
the  other.  Their  average  elevation  was  10,000  to  16,000  feet.  Their 
crest  line  was  always  sharp;  the  peaks  were  like  needles.  I  have 
never  seen  a  more  beautiful,  wild,  and  imposing  landscape.  Here  a 
peak  would  appear  wiih  somber  and  cold  outlines,  its  head  buried  in 
the  clouds;  there  one  could  see  snow  fields  and  glacis  thrown 
tf^ther  in  hopeless  confusion.  On  November  11  we  saw  land  to  the 
south  and  could  soon  determine  that  a  mountain  range,  whose  position 
is  about  86"  S.  and  163°  W.,  crosses  South  Victoria  Land  in  an  east- 
erly and  northeasterly  direction.  This  mountain  range  is  materially 
loww  than  the  mighty  mountains  of  the  rest  of  South  Victoria  Land. 
Peaks  of  an  elevation  of  1,800  to  4,000  feet  were  the  highest.  We 
could  see  this  mountain  chain  as  far  as  the  eighty-fourth  parallel, 
where  it  disappeared  below  the  horison. 

On  November  17  we  reached  tho  place  where  the  loe  Barrier  ends 
and  the  land  b^fins.  We  had  proceeded  directly  south  from  our 
winter  quwtera  to  this  point.  We  ware  now  in  86°  7' S.  and  166°  W. 
The  place  where  we  left  the  Barrier  for  the  land  offered  no  special 
difficulties.  A  few  extended  undulatii^  reaches  of  ice  had  to  be 
crossed  which  were  interrupted  by  crevasses  hero  and  there.  Noth- 
ing could  impede  our  advance.  It  was  otv  plan  to  go  due  south  from 
eoseo*— SM 1912 46 
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"Framheim"  and  not  to  deviate  from  ^lia  direction  unless  we  should 
be  forced  to  by  obstacles  which  nature  might  place  in  our  path.  If 
our  plans  succeeded  it  would  be  our  privilege  to  (ncplore  completely 
unknown  re^ons  and  thereby  to  accomplish  valuoUe  geographic 
work. 

The  immediate  ascent  due  south  into  the  mountainous  re^on  led 
us  between  the  high  peaks  of  SouUi  Victoria  Land.  To  all  intents 
and  purposes  no  great  difficulties  awaited  us  here.  To  be  sure,  we 
should  probably  have  found  a  less  steep  ascent  if  we  had  gone  over 
to  the  newly  discovered  mountain  range  just  mentioned.  But  aa  we 
maintained  the  principle  that  direct  advance  due  south  was  ihe 
shortest  way  to  our  goal,  we  had  to  bear  the  consequences. 
■^^^t  this  place  we  established  our  principal  depot  and  left  provi- 
sions for  30  days.  On  our  four  sleds  we  took  provisions  with  ua  for 
60  days.  And  now  we  began  the  ascent  to  the  plateau.  The  first 
part  of  the  way  led  us  over  snow-covered  mountain  slopes,  which 
at  times  were  quite  steep,  but  not  so  much  so  as  to  prevent  any 
of  us  from  hauling  up  his  own  sled.  Farther  up,  we  found  several 
glaciers  which  were  not  very  broad  but  were  very  steep.  Indeed, 
they  were  so  steep  that  we  had  to  harness  20  dogs  in  front  of  each 
sled.  Later  the  glaciers  became  more  frequent,  and  they  lay  on 
slopes  so  steep  that  it  was  very  hard  to  ascend  them  on  our  skis.  On 
the  first  night  we  camped  at  a  spot  which  lay  2,100  feet  above  sea 
level.  On  the  second  day  we  continued  to  climb  up  the  mountains, 
mainly  over  several  small  glaciers.  Our  next  camp  for  the  ni^t  was 
at  an  altitude  of  4,100  feet  above  the  sea. 

On  the  third  day  we  made  the  dis^^veable  discovery  that  we 
should  hare  to  descend  2,100  feet,  as  between  us  and  the  higher 
mountains  to  the  south  lay  a  great  glacier  which  crossed  our  path 
from  east  to  west.  Thiscould  notbehelped.  The  expedition  therefore 
descended  with  the  greatest  possible  speed  and  in  an  incredibly  short 
time  we  were  down  on  the  glatoer,  which  was  named  Axel  H^berg 
Glacier.  Our  camp  of  this  night  lay  at  about  3,100  feet  above  sea 
level.  On  the  foUowiog  day  the  longest  ascent  b^an;  we  were  forced 
to  follow  Axel  Heiberg  Glacier.  At  several  places  ice  blocks  were 
heaped  up  so  that  its  surface  was  hummocky  and  cleft  by  crevasses. 
We  had  therefore  to  make  detours  to  avoid  the  wide  crevasses  which, 
below,  expanded  into  large  basins.  These  latter,  to  be  sure,  were 
filled  with  snow;  the  glacier  had  evidently  long  ago  ceased  to  move. 
The  greatest  care  was  necessary  in  our  advance,  for  we  had  no  ink- 
ling as  to  how  thick  or  how  t^in  the  cover  of  snow  might  be.  Our 
camp  for  this  nig^t  was  pitched  in  an  extremely  picturesque  situa- 
tion at  an  elevation  of  about  5,250  feet  above  sea  level.  The  glacier 
was  here  hemmed  in  by  two  mountains  which  were  named  "Fridtjof 
Nansen"  and  "Don  Pedro  Christophersen,"  both  16,000  feet  high 
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Farther  down  toward  th«  west  at  the  end  of  the  glacier  "Ole 
Engebtad  Mountain"  rises  to  an  elevation  of  about  13,000  feet.  At 
ttua  relatively  narrow  place  the  glacier  was  very  hummoc^  and  rent 
by  many  deep  creyasses,  so  that  we  often  feared  that  we  could  not 
advance  farther.  On  the  following  day  we  reacbed  a  slightly  inclined 
plateau  which  we  assumed  to  be  the  same  which  Shacldeton  de- 
scribes. Our  dogs  accomplished  a  feat  on  this  day  which  is  so 
remarkable  that  it  should  be  mentioned  here.  After  having  already 
done  heavy  work  on  the  preceding  days,  they  covered  19  miles 
on  this  day  and  overcame  a  difference  in  altitude  of  5,700  feet.  On 
the  following  night  we  camped  at  a  place  which  lay  10,800  feet  above 
sea  level.  The  time  had  now  come  when  we  were  forced  to  kill 
some  of  our  dogs.  Twenty-four  of  our  faithful  comrades  had  to  die. 
The  place  where  this  happened  was  named  the  "Slaughterhouse." 
On  account  of  bad  weather  we  had  to  stay  here  for  four  days.  Dur- 
ing this  stay  both  we  and  the  dogs  had  nothing  except  dog  meat  to 
eat.  When  we  could  at  last  start  again  on  November  26,  the  meat  of 
10  dogs  only  remained.  This  we  deposited  at  our  camp;  fresh  meat 
would  furnish  a  welcome  change  on  our  return.  During  the  follow- 
ing days  we  had  stormy  weather  and  thick  snow  flurries,  so  that  we 
could  see  nothing  of  the  surrounding  country.  We  observed,  how- 
ever, that  we  were  descending  rapidly.  For  a  moment,  when  the 
weather  improved  for  a  short  time,  we  saw  high  mountains  directly 
to  the  east.  During  the  heavy  snow  squall  on  November  28  we 
passed  two  peculiarly  shaped  mountains  lying  in  a  north-south 
direction;  they  were  the  only  ones  that  we  could  see  on  our  right  hand. 
These  "Helland-Hansen  Mountains"  were  entirely  covered  by  snow 
and  had  an  altitude  of  9,200  feet.  Later  they  served  as  an  excellent 
landmark  for  us. 

On  the  next  day  the  clouds  parted  and  the  sim  burst  forth.  It 
seemed  to  us  as  if  we  had  been  transferred  to  a  totally  new  country. 
In  the  direction  of  our  advance  rose  a  large  glacier,  and  to  the  east 
of  it  lay  a  mountain  range  running  from  southeast  to  northwest. 
Towaid  the  west  impenetrable  fog  lay  over  the  glacier  and  obscured 
even  our  immediate  surroundings,  A  measurement  by  hypsomcter 
gave  8,200  feet  for  the  point  lying  at  the  foot  of  this,  the  "Devil's 
Glacier."  We  had  therefore  descended  2,600  feet  since  leaving  the 
"Slaughterhouse."  This  was  not  an  agreeable  discovery  as  we 
no  doubt  would  have  to  ascend  as  much  again,  if  not  more.  We 
left  prqvisiona  here  for  six  days  and  continued  our  march. 

From  the  camp  of  that  night  we  had  a  superb  view  of  the  eastern 
mountain  range.  Belonging  to  it  we  saw  a  mountain  of  more  won- 
derful form  than  I  have  ever  seen  before.  The  altitude  of  the  moun- 
tain was  12,300  feet;  its  peaks  roundabout  were  covered  by  a  glacier. 
It  looked  as  if  Nature,  in  a  fit  of  anger,  had  dropped  sharp  cornered 
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ice  blocks  on  th«  mountain.  This  mountain  was  chrktened  "Helmer- 
Hansen  Mountain,"  and  became  our  best  point  of  referenoe.  There 
we  saw  aJao  the  "Oacar  Wiating  Mountains,"  the  "Olav  Bjaaland 
Mountains,"  the  "STflrre  Hasael  Mountains,"  which,  dark  and  red, 
glittered  in  the  rays  of  the  midnight  sun  and  reflected  a  white  and 
blue  light.  In  the  distance  the  mountains  seen  before  loomed  up 
romantically;  they  looked  very  high  when  one  saw  them  through  the 
thick  cloutb  and  masses  of  fog  which  passed  over  them  from  time 
to  time  and  occasionally  allowed  us  to  catch  glimpses  of  their  mighty 
peaks  and  their  broken  glaciers.  For  the  first  time  we  saw  the 
"Thorrald  Nilsen  Mountain,"  which  has  a  height  of  16,400  feet. 

It  took  us  three  days  to  climb  the  "Devil's  Glacier."  On  the  Ist 
of  December  we  hod  left  behind  us  this  glacier  with  its  crevaases  and 
bottomless  pits  and  were  now  at  an  elevation  of  9,350  feet  above  sea 
level.  In  front  of  us  lay  an  inclined  block-covered  ice  plateau  which, 
in  the  iog  and  snow,  had  the  appearance  of  a  frozen  lake.  Traveling 
ovOT  this  "Devil's  Ball  Room,"  as  we  called  the  plateau,  waa  not 
particularly  pleasant.  Southeasterly  storms  and  snow  flturiee  oc- 
curred daily,  during  which  we  could  see  absolutely  nothing.  The 
floor  on  which  we  were  walking  was  hollow  beneath  us;  it  soooded 
as  if  we  were  goii^  over  empty  barrels.  We  crossed  this  disagree- 
able and  uncanny  region  as  quickly  as  was  compatible  with  the  great 
care  we  had  to  exercise,  for  during  the  whole  time  we  were  thinking 
of  the  imwelcome  possibility  of  sinking  through. 

On  December  6  we  reached  our  highest  point — according  to  hypso- 
metric meastu^ment  11,024  feet  above  sea  lev^.  From  there  on  the 
interior  plateau  remained  entirely  level  and  of  the  same  elevation. 
In  88"  2Z'  S.  we  had  reached  the  place  which  corresponded  to  Shack- 
leton's  southernmost  advance.  We  camped  in  88°  25'  S.  and  estab- 
lished there  our  last — tJie  tenth — depot,  in  which  we  left  220  pounds 
of  provisions.  Our  way  now  gradually  led  downward.  The  sur- 
face was  in  excellent  condition,  entirely  level,  without  a  single  hill 
or  undulation  or  other  obstacle.  Oiu*  sleds  forged  ahead  to  per- 
fection; the  weather  was  beautiful;  we  daily  covered  17  miles.  Noth- 
ing prevented  us  from  increasing  our  daily  distance.  But  we  had 
time  enoiigh  and  ample  provisiona;  we  thought  it  wiser,  also,  to  spare 
our  dogs  and  not  to  work  them  harder  than  necessary.  Without  a 
mishap  we  reached  the  eighty-ninth  parallel  on  December  11.  It 
seemed  as  if  we  had  come  into  a  region  where  good  weather  con- 
stantly prevails.  The  surest  sign  of  continued  calm  weather  was  t^e 
absolutely  level  surface.  We  could  push  a  tent  pole  7  feet  deep  into 
the  snow  without  meeting  with  any  resistance.  This  proved  clearly 
enough  that  the  snow  had  fallen  in  equable  weather;  calm  must  have 
prevailed  or  a  slight  breeze  may  have  blown  at  the  most.    Had  the 
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■weatiur  been  variable— caIiqb  altematii^  with  stonua — hoow  Btrsta 
of  different  densitj  would  have  formed,  a  condition  which  we  would 
immediately  have  noticed  when  driving  in  our  tent  poles. 

Our  dead  reckoning  had  heretofore  always  given  the  same  results 
■a  our  Bstnmonucal  obaervatioos.  During  the  last  eight  days  of  our 
march  we  had  cootinuous  sunshine.  Every  day  we  stopped  at  noon 
in  order  to  meaaure  the  ninrif)i*n  altitude  and  every  evening  we 
made  an  observation  for  azimuth.  On  December  13  the  meridian 
altitude  gave  89°  37',  dead  reckoning,  89°  38'.  In  latitude  88°  26' 
we  had  been  able  to  make  our  last  good  ohservation  of  azimuth.  Sub- 
sequently ^lis  method  of  obewation  became  valueless.  Ab  these 
last  observations  gave  practically  the  same  result  and  the  difference 
was  almost  s  constant  one,  we  used  the  observation  made  in  88°  26' 
as  a  basis.  We  calculated  that  we  should  reach  our  goal  on  Deceno- 
berU. 

December  14  dawned.  It  seemed  to  me  as  if  we  slept  a  shorter 
time,  as  if  we  ate  breakfast  in  greater  haste,  and  as  if  we  started  earlier 
OQ  this  morning  than  on  the  preceding  days.  As  heretofore,  we  had 
clear  weather,  beautiful  sunshine,  and  only  a  very  light  breexe.  We 
advantied  well.  Not  much  was  said.  I  think  that  each  one  of  us 
was  occupied  with  his  own  thoughts.  Probably  only  one  thought 
dominated  us  all,  a  thought  which  caused  us  to  look  eagerly  toward 
the  south  and  to  scan  the  horizon  of  this  unlimited  plateau.  Were 
we  the  first  or ) 

The  distance  calculated  was  covered.  Our  goal  had  been  reached. 
Quietly,  in  absolute  silence,  the  mighty  plateau  lay  stretched  out 
before  us.  No  man  had  ever  yet  seen  it,  no  man  had  ever  yet  stood 
on  it.  In  no  direction  was  a  sign  to  be  seen.  It  was  indeed  a  solemn 
moment  when,  each  of  us  grasping  the  flagpole  with  one  hand,  we 
all  hoisted  the  £ag  of  our  country  on  the  geographical  South  Pole,  on 
"King  Haakon  Vtl  Plateau." 

During  the  night,  as  our  watches  showed  it  to  be,  three  of  our 
men  wvnt  around  fhe  camp  in  a  circle  10  geographical  miles  (11.6 
statute  miles)  in  diameter  and  erected  cairns,  wlule  the  oiher  two 
men  remained  in  the  tent  and  made  hourly  astronomical  observa- 
tions of  the  sun.  These  gave  89°  55'  S.  We  might  well  have  been 
satisfied  with  this  result,  but  we  had  time  to  spare  and  the  weather 
was  fine.  Why  should  we  not  try  to  make  our  observations  at  the 
pole  iteeU  I  On  December  16,  therefore,  we  transported  our  tent  the 
remaining  5^  miles  to  the  south  and  camped  there.  We  arranged 
everything  as  comfortably  as  possible  in  order  to  make  a  round  of 
observations  during  the  24  hours.  The  altitude  was  measured  every 
hour  by  four  men  with  the  sextant  and  artificial  horizon.  These 
observations  will  be  worked  out  at  the  University  of  Christiania. 
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Thk  tout  camp  served  aa  the  OMiter  of  a  circsle  vhich  we  drew  with  a 
radius  of  fi^  mileB  [on  the  circumfereoce  of  which]  cairns  were  erected. 
A  small  tent  which  we  had  brought  with  us  in  order  to  designate 
the  South  Pole  was  put  up  here  and  the  Norw^ian  flag  with  line 
pennant  of  the  From  was  hoisted  above  it.  This  Norwegian  home 
reouved  the  name  of  "Polheim."  According  to  the  observed  weather 
conditions,  this  tent  may  remain  there  for  a  long  time.  In  it  we  left 
a  letter  addressed  to  His  Majeety,  King  Haakon  VII,  in  which  we 
reported  what  we  had  done.  The  next  person  to  come  there  will 
take  the  letter  with  him  and  see  to  its  delivery.  In  addition,  we 
left  there  several  pieces  of  clothing,  a  sextant,  an  artificial  horizon, 
and  a  hypsometer. 

On  December  17  we  were  ready  to  return.  On  our  journey  to  the 
pole  we  had  covered  863  miles,  according  to  the  measuremraits  of 
the  odometer;  our  mean  daily  marches  were  therefore  15  miles. 
Whflu  we  left  the  pole  we  had  3  sleds  and  17  dogs.  We  now  ex- 
perienced the  great  satisfaction  of  being  able  to  increase  our  daily 
rations,  a  measure  which  previous  expeditions  had  not  been  able  to 
carry  out,  as  th^  were  all  forced  to  reduce  their  rations,  and  that 
at  an  early  date.  For  the  d(^,  too,  the  rations  were  increased,  and 
from  time  to  time  they  received  one  of  their  comrades  as  additional 
food.  The  fresh  meat  revived  the  dogs  and  undoubtedly  contributed 
to  the  good  results  of  the  expedition. 

One  last  glance,  one  last  adieu,  we  sent  back  to  "Folheim."  Then 
we  resumed  our  joum^.  We  still  see  the  flag;  it  still  waves  to  us. 
Gradually  it  diminishes  in  size  and  finally  entirely  disappears  from 
our  sight.  A  last  greeting  to  the  Little  Norway  lying  at  the  South 
Pole. 

We  left  King  Haakon  YII  Plateau,  which  lay  there  bathed  in 
sunshine,  as  we  had  found  it  on  our  outward  journey.  The  mean 
temperature  during  our  sojourn  there  was  —13°  C.  It  seemed, 
however,  as  though  the  weather  was  much  milder. 

I  shall  not  tire  my  esteemed  auditors  by  a  detailed  description  of 
our  return,  but  shall  limit  myself  to  some  of  the  interesting  episodes. 

The  splendid  weather  with  which  we  were  favored  on  our  return 
displayed  to  us  the  panorama  of  the  mighty  mountain  range  whidi 
ig  the  contmuation  of  the  two  ranges  which  unite  in  86°  S.  The 
newly  discovered  range  runs  in  a  southeasterly  direction  and  culmi- 
nates in  domes  of  an  elevation  of  10,000  to  over  16,000  feet.  In 
88°  S.  this  range  disappears  in  the  distance  below  the  horizon.  The 
whole  complex  of  newly  discovered  mountain  ranges,  whidi  may 
extend  a  distance  of  over  600  miles,  has  been  named  the  Queen 
Maud  Eangee. 
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We  found  all  of  our  10  provision  depots  agfiin.  The  provisionfl, 
of  which  we  finally  had  a  superabundance,  were  taken  with  us  to 
the  eightieth  paralld  and  cached  there.  From  the  eighty-sixUi 
parallel  on  we  did  not  need  to  apportion  our  rations;  evetyone 
could  eat  as  much  as  he  deeired. 

After  an  absence  of  99  days  we  reaidied  our  winter  quartets, 
"Framheim,"  on  January  25.  W«  had,  therefore,  covered  the 
jouraey  of  864  miles  in  39  days,  dtu*ing  which  we  did  not  allow 
outBetves  any  days  of  rest.  Our  mean  daily  march,  therefore, 
amounted  to  22.1  miles.  At  the  end  of  our  journey  two  of  our  sleds 
were  in  good  condition  and  11  do^a  healthy  and  happy.  Not  onee 
had  we  needed  to  help  our  dogs  and  to  push  the  sleds  ourselves. 

Our  provisions  consisted  of  pemmican,  biscuits,  desiccated  milk, 
and  chocolate.  We  therefore  did  not  have  very  much  variety,  but  it 
was  healthful  and  robust  nourishment  whidi  built  up  the  body,  and 
it  was  of  course  just  this  that  we  needed.  The  best  proof  of  this 
was  that  we  felt  well  during  the  whole  time  and  never  had  reason  to 
complain  of  our  food,  a  condition  which  has  occurred  so  often  on 
long  sledge  journeys  and  must  be  considered  a  aura  indication  of 
improper  nourishment. 

During  our  absence,  Lieut.  Preatrud  with  his  two  companions  had 
done  excellent  work  toward  the  east  and  in  the  vicinity  of  the  Bay 
of  Whales.  They  succeeded  in  reaching  King  EMward  VII  Land, 
which  Scott  had  discovered,  and  in  confirming  what  we  had  seen. 
It  was  found  that  the  Alexandra  Mountains  are  a  range  entirely 
snow  covered  and  with  an  elevation  of  1,230  feet.  They  run  in  a 
southeasterly  direction  as  far  as  the  eye  can  reach  and  are  bounded 
on  the  north  by  mountains  2,000  feet  high,  which  were  named 
"Nutakar"  by  Scott. 

The  observations  made  on  this  expedition  in  the  neighboifaood  of 
"Framheim"  are  of  great  interest.  They  resulted  in  determining  that 
the  Bay  of  Whales  has  a  snow-covered  bottom. 

Simultaneously  with  our  work  on  land,  scientific  observations 
were  made  on  board  the  Fram  by  Capt.  Niken  and  his  companions 
which  probably  stamp  this  expedition  as  the  most  valuable  of  alL 
The  i^m  made  a  voyage  from  Buenos  Aires  to  the  coast  of  Africa 
and  back,  covering  a  distance  of  8,000  nautical  miles,  during  which 
a  series  of  oceanographical  observations  was  made  at  no  less  than 
60  stations.  The  total  length  of  the  Fratn'i  joum^  equaled  twice 
the  circumnavigation  of  the  globe.  The  ^Vom  has  sucoessfnlly 
braved  dangerous  voyages  which  made  high  demands  upon  her  crew. 
The  trip  out  of  the  ice  r^ion  in  the  fall  of  1911  was  of  an  especially 
serious  character.  Her  whole  complement  then  comprised  only  10 
men.    Through  night  and  fog,  through  storm  and  hurricane,  through 
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pack  ke  and  between  icebergs  the  From  had  to  find  her  way.  One 
may  well  aay  that  thia  was  an  achievement  tiiat  can  be  realised  only 
by  experienced  and  courageous  suIots,  a  deed  that  honors  the  whole 
nation. 

In  conclusion,  you  will  allow  me  to  say  that  it  was  these  same 
10  oten  who  on  Februuy  15,  1911,  hoisted  \ha  flag  of  Uieir  country, 
the  Norw^ian  flag,  on  a  more  southerly  point  of  the  euih  than  the 
crew  of  any  other  ship  whose  keel  ever  cleft  the  wavee.^  This  is  a 
worthy  record  in  our  record  century.  Fsrthest  north,  farthest  south 
did  our  dear  (M.  From  pwietrate. 

iebndoIUwB>7aIWluM,n'41'S.    <Nnr  Tdrk  TlinM,  lUi.  t,  ItU.) 
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ICEBERGS  AND  THEIR  LOCATION  IN  NAVIGATION/ 


By  Prof.  HowAHD  T.  Babnbs,  D.  8c.,  P.  R.  8. 
IteGiU  ChwfTtAy,  Montreal,  Oatada. 


OBIOIN  OF  THE  NOBTH  ATLANTIC  ICE. 

Hie  icebergs  met  with  ia  the  north  Atlantic  each  year  are  almost 
entirely  derived  from  weBtem  Greenland.  The  interior  of  Greenland 
is  covered  by  a  large  ice  sheet  forming  an  enormous  glacier,  which 
gradually  moves  outward,  meeting  on  its  journey  mountains  and 
islands  which  form  a  fringe  of  varying  width.  This  mountainous 
belt  is  penetrated  by  deep  fiords,  through  which  the  ice  passes 
toward  the  sea.  Aa  the  huge  ice  sheets  are  forced  into  the  sea  they 
are  brokrai  off  and  set  adrift  as  bergs.  The  "calving,"  as  it  is  called, 
may  take  place  in  a  number  of  waya. 

Von  Drygalskl  distinguishes  three  classes  of  bergs;  those  of  the 
fiiBt  class  are  the  most  massive  of  all,  and  separate  with  a  sound  hke 
thunder  from  the  entire  thickness  of  the  glacier  front.  Tiiej  result 
from  the  buoyant  action  of  the  water  as  the  glacier  pushes  out  into 
the  deep  water.  They  usually  regain  their  equilibrium  after  rhythmic 
oscillation,  and  fioat  away  in  an  upright  position.  Bsrgs  of  the 
second  class  are  broken  off  under  water  from  time  to  time.  Iliey 
rise  and  often  turn  over  before  they  gain  equilibrium,  displaying  in 
this  way  the  beautiful  blue  color  of  the  lowest  layers  of  ice.  Bei^ 
of  the  third  claas  form  almost  continuously,  and  consist  of  large 
and  small  fragmoits  which  separate  along  the  crevasses  and  fall  into 
the  sea. 

The  size  of  tiie  pieces  of  ice  set  adrift  varies  very  much;  but  bergs 
00  to  100  feet  to  the  top  of  their  walls,  with  spires  and  pinnacles 
from  200  to  260  feet  high,  are  most  often  found.  The  leiLgth  of 
such  an  average  beig  would  be  from  300  to  500  yards.  The  dept^ 
of  these  masses  under  water  ia  variously  given  as  from  seven  to  ei^t 
times  the  height,  but  this  is  not  always  the  casa  It  ia  possible  to 
have  a  berg  as  high  out  of  the  water  as  it  is  deep  below  the  surface, 
since  the  submergence  depends  entirely  on  mass  and  not  tm  hught. 

I  LMtms  bafora  Um  Royil  ImtltutloD  oC  OrM  Britain,  LoodDn,  Frid^,  Ittj  SI,  ins.   BaprtiMd  b; 
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It  is  possible  to  find  bergs  with  a  piimacle  rising  hig^  out  of  Qm 
water,  but  offering  little  weight  to  the  mass  below.  Hie  hig^iest 
berg  in  the  Arctic  which  has  been  recorded  had  pinnacles  1,500  feet 
high.  BergB  are  produced  all  the  jear  round  throughout  the  entire 
extent  of  the  coast  line  of  Qreenland,  but  the  huge  masses  which 
push  out  into  the  open  sea  arise  either  on  the  west  coast  between 
Disco  Bay  and  Smith  Sound,  or  on  the  east  coast  south  of  the  parallel 
of  68°.  Besides  the  icebergs  formed  from  the  Greenland  glaciers,  a 
few  come  around  Cape  Farewell  from  the  Spitzbei^en  Sea,  and  some 
may  be  traced  from  Hudson  Bay. 

HOTBHENT  OF  lOB  FBOH  THE  ABOXIO  BBaH>NB. 

llie  Labrador  current  Qova  southward  along  the  coasts  of  BafBu 
hand  and  Labrador,  The  average  rate  is  from  10  to  36  miles  per 
day,  but  occasionally  it  ceases  altogether.'  As  soon  as  free  the 
icebergs  find  their  way  into  the  Arctic  current,  and  float  gradually 
southward.  The  journey  is  by  no  means  an  easy  one,  and  few  bergs 
survive.  There  are  many  mishaps,  such  as  grounding  in  the  Arotic 
Basin  with  ultimate  breaking  up,  stranding  along  the  Labrador  coast, 
where  destruction  takes  place,  and  falling  to  pieces  entirely  in  the 
open  sea.  Only  a  small  percentage  ever  reach  the  Grand  Bank  and 
the  routes  of  the  transatlantic  liners,  so  many  delays  attend  their 
journey.  It  is  well  known  that  many  bergs  seen  in  any  one  season 
may  have  been  produced  several  seasons  before.  Taking  the  Labrador 
current  as  10  miles  per  day,  a  berg  once  formed  and  drifting  freely 
would  make  the  journey  southward  in  from  four  to  five  months. 
The  difference  in  time  of  two  bergs  reaching  a  low  latitude  may  cover 
a  period  of  one  or  two  years  evffli  when  these  start  on  the  same 
day.  BO  devious  are  the  paths  into  which  chance  may  direct  these 
floating  masses.  Undercurrents  affect  the  largest  icebergs,  and 
frequently  they  are  seen  to  move  backward  against  the  wind  and 
surface  water.  !Extensive  field  ice  offers  an  obstruction  to  the  move- 
'  ments  of  the  bergs,  hence  the  number  met  with  from  one  season 
to  another  must  depend  on  the  mildness  or  severity  of  the  previous 
summer  in  ihe  north. 

THE  LABBADOB   OUaaBMT. 

No  part  of  th«  oceans  of  the  world  is  of  so  much  interest  to  man- 
kind as  this  cold  Arctic  current.  It  brings  down  the  cold  of  the 
north  to  temper  the  heat  of  the  Tropics,  and  thus  tends  to  equ^ize 
the  temperature  of  the  world.  It  is  the  home  and  feeding  ground 
of  the  world's  greatest  supply  of  fish  food,  and  supports  more  marine 
life  than  any  other  part  of  the  world.  It  conveys  each  year  south- 
ward the  greatest  menace  to  the  navigator  in  the  form  of  huge  ice- 
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bei^,  and  it  influenoes  the  entire  eaBtem  coast  of  Canada.  Id  spite 
of  all  this  there  has  been  little  study  of  this  current.  Why,  may  we 
ask,  have  the  Governments  of  the  world  neglected  to  obtain  scientific 
data,  and  why  have  they  neglected  to  supply  a  thorough  hydrographic 
survey  of  this  region?  I  trust  this  state  of  affairs  may  be  soon 
rectified. 

DANQEB   FBOH    ICEBEBQ8. 

To  the  navigator  the  presence  of  ice  is  a  constant  m^iace.  Its 
movement,  often  fairly  rapid  by  wind  and  current,  makes  its  position 
always  uncertain.  A  ship  may  see  immense  fields  of  ice,  which 
another  passing  over  the  some  locality  a  few  days  afterward  may 
never  encounter.  Only  those  who  have  stood  on  the  bridge  of  an 
Atlantic  liner  with  the  officers  on  a  dai^  ni^t  in  the  ice  track  caa 
appreciate  the  anxiety  of  those  tireless  men,  who  know  that  collision 
with  even  a  small  floating  ice  mass  means  damage  to  ihe  ship.  Hie 
small  masses  called  growlers  are  often  of  great  danger.  They 
fioat  low  in  the  water,  and  leave  little  above  to  be  seen  by  the  look- 
out. The  Arctic  ice  is  of  great  solidity  and  is  of  irregular  shape. 
It  presents  frequently  sharp  edges  which  can  cut  the  plates  of  a  ship, 
shear  off  rivets,  or  drive  a  hole  through  the  bottom  as  readily  as  a 
steel  knife.  The  gome  of  chance  is  played  by  every  big  ship  that 
speeds  through  the  ice  track  at  night  or  in  a  fog. 

FIEU>   ICE   AND   rrs   DISTBIBXmON   IN   THE   ODLF   OF   ST.    LAWBENOK 
I   THE    WINTEB. 


Icebergs  are  not  alone  in  causing  an  obstruction  to  navigation  in 
the  Labrador  current.  Field  ice,  which  may  extend  over  wide  areas, 
presents  great  difficulties.  I^is  ice  is  salt  water  frozen  in  the  bays 
and  inlets  along  the  shore,  as  especially  in  the  Oulf  of  St.  Lawrence. 
Immense  fields  are  formed  of  pieces  blown  by  the  wind  and  massed 
together  in  an  irregular  way.  Change  of  wind  and  tide  causes  the 
fields  to  float  away.  When  several  fields  are  blown  shoreward 
together  they  grind  and  crush  together,  forming  irregular  ice  many 
feet  thick.  Frost  and  spray  soon  cements  this  together  into  a  hard 
mass,  almost  impossible  to  break.  Floating  again,  these  agglom- 
erated ice  masses,  often  many  miles  in  extent,  are  carried  out  to  sea, 
there  to  produce  great  danger  to  navigation.  While  the  Gulf  of  St. 
Lawrence  never  freezes  over  entirely,  there  are  to  be  found  all  winter 
Boating  areas,  which  take  up  their  position  with  the  direction  of  the 
wind.  As  the  spring  advances  these  fields  become  weaker,  and 
finally  disappear.  The  last  to  open  is  the  Strait  of  Belle  Isle,  where 
toward  the  end  of  June  it  becomes  sufBciently  free  for  ships  to 
navigate. 
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LIMITB  OP  HBBION  Or  WKMMmUt. 

It  has  been  found  that  in  April,  May,  and  June  are  the  greateBt 
number  of  icebergs.  Hiey  have  been  seen  as  far  south  as  the  thirty- 
ninth  degree  of  latitude  and  as  far  east  as  longitude  38°  30'.  In 
general,  it  may  be  stated  that  floating  ice  may  be  met  with  anywhere 
in  the  north  Atlantic  Ocean  northward  of  the  fortieth  degree  of 
latitude  at  any  season  of  the  year. 

BDBPAOB  TEHFBRATUBB  OF  THE  LABBAOOB  OUBBBNT  IN  WINTBB  AND 

SUHUEB. 

During  the  winter  months  the  snrfaoe  temperature  of  the  Labrador 
current  often  falls  to  the  freezing  point  of  salt  water,  about  28"  F., 
but  it  is  more  often  at  29°  or  30°  F.  As  the  apring  advances  the  line 
of  low  temperature  adTances  faither  north,  until  in  July  or  Aogart 
the  temperature  on  the  Grand  Banks  toward  tiie  Strait  of  Belle  Lsle 
reaches  40"  or  45°  F.,  and  gradually  falla  northward  to  29°  F.  in 
Hudson  Straits.  The  surface  temperature  Taries  considerably, 
dependii^  on  the  pm>ximity  of  ice  or  land,  as  will  be  explained 
shortly.  Ho  measurements  have  been  made  north  of  the  Banks  in 
winter  or  sjHing,  when  the  Strait  of  Belle  Isle  is  icebound.  ReptRts 
of  the  temp^ature  of  the  ice  track  are  frequently  given  by  sea  cap- 
tains. Results  as  low  as  22°  F.  have  been  shown  to  me,  but  I  bebeve 
these  to  be  impossible,  and  due  to  some  error  of  measurement  arisiiig 
from  the  crude  method  now  in  vogue  on  our  Atlantic  liners. 

INFLUSNOB  OF  lOEBEBOS  ON  THE  TEUFKBATUBB  OF  THE  SKA. 

There  can  be  no  question  but  that  icebergs  have  an  important 
influence  on  the  temperature  of  the  sea.  Composed  of  frozen  freafa 
water  from  the  nwth,  they  melt  rapidly  when  they  drift  down  to  the 
wanner  waters  of  the  Banks  and  when  they  reach  the  Gulf  Stream. 
On  account  of  the  small  conductivity  of  the  water,  no  appreciable 
cooling  can  result  from  this  cause.  If  it  were  not  for  the  currenta  in 
the  sea  and  the  circidation  set  up  by  the  melting  berg,  no  cooling  effect 
would  be  appreciable.  That  there  is  a  small  cooling  effect  has  been 
shown  by  captains  and  others,  but  this  has  not  been  made  use  of  for 
teUing  the  proximity  of  ice  with  any  success.  What  is  called  salt* 
water  ice — that  is,  ioe  formed  by  the  freezing  of  salt  water^-containe 
a  amall  trace  of  salt  in  its  composition  and  frequently  holds  salt 
mechanically,  but  there  is  very  Httle  difference  in  the  purity  of  the 
ice.  It  is  w^  known  that  water  in  freezing  expels  all  the  impuritiea, 
hence  it  is  erroneous  to  aay  that  salt-water  ice  floats  under  the  sur^ 
face.  What  is  called  salt-water  ice  is  really  the  same  as  field  ioe,  and 
is  exceedingly  hard  to  break.  Ita  structure  ia  not  uniform,  and, 
composed  often  of  irregular  broken  pieces,  it  has  no  line  of  deavage. 
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FBITERSBOlf's  THBOBT   Of  lOS  XBLTTira. 

Dr.  Otto  PetterBson  has  for  some  time  shown  ezperimentsUy  that 
ioe  melting  in  salt  water  producee  three  currents  (fig.  1).  (1)  When 
the  ice  melte  it  cools  the  salt  water,  which  sinks  down  by  conTection, 
(2)  A  stream  of  wanner  salt  water  moves  in  toward  the  ice,  giving 
rise  to  a  horizontal  current.  (3)  The  melted  ice  consists  of  fresh 
water,  which  does  not  mix  with  the  salt  water  on  account  of  the  dif- 
ference of  densitj.  This  fresh  water  risee  aronnd  the  ice  and  spreads 
out  oTBT  tiie  BOTfaoe.  The  ice  beoomee  surroimded  by  a  laj^er  of 
fraber  water,  which  tends  to  remain  on  the  surface.    As  the  ioe 
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moTee  the  freeb  water  moves  with  it.  Waves  do  not  mix  it  with  the 
salt  water,  but  leave  it  practically  unaffeoted.  Pettersson  believee 
that  this  circulation  has  an  important  inBueace  on  the  currents  in  the 
sea.  The  lower  density  of  a  diluted  layer  prevents  the  normal  ver^ 
tical  circulatitm  in  tbe  sea,  and  causes  characteristic  temperature 
effects. 

Icebergs  which  have  been  left  hig^  and  dry  on  the  shore  by  the 
tide  show  the  action  of  the  melting.  Bergs  which  become  top-heavy 
and  turn  over  also  bear  evidence  to  the  underwater  current  producing 
the  melting.  The  form  of  the  ice  shgws  a  deep  furrow  running  all 
around  where  the  melting  process  has  proceeded,  and  this  is  often  the 
oause  of  the  rolling  over  of  a  bei^  to  find  equilibritmi  in  some  other 
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position.  Icebe^  an  often,  in  an  es^eedin^7  unstable  state,  and 
the  slightest  increase  in,  wind  or  sea  distiurbonce  causes  them  to  break 
up  or  turn  over.  This  is  one  of  the  reasons  why  captains  always  go 
as  far  away  from  them  as  possible.     (See  the  Appendix.) 

SIGNS  or  THE   PEOXIMITY  OP  ICE. 

Since  the  earliest  days  efforts  have  been  made  to  &nd.  some  means 
of  detecting  the  presence  of  ice.  To  those  who  have  had  many  years' 
experience  in  navigating  in  the  ice  region  the  presence  of  ice  is 
made  known  by  a  number  of  effects.  Before  ice  can  be  actually 
seen  there  is  a  peculiar  whiteness  observed  around  the  bei^  on  a  dark 
mght,  except  in  the  case  of  dark  bergs.  This  is  called  by  mariners 
the  ice  "blmk. "  It  is  caused  by  the  reflection  of  the  scattered  rays 
of  light  from  the  s^  from  the  white  surface  of  the  berg.  Thus  it 
ia  a  contrast  between  the  black  absorbing  water,  which  reflects  none 
of  the  hght,  and  the  ice,  which  scatters  nearly  all.  A  dark  berg  is 
one  casting  a  shadow  toward  the  ship.  When  the  hght  comes  more 
strongly  from  any  particular  part  of  the  sky  the  icebei^  often  can  not 
be  seen  in  certun  directions,  while  clearly  visible  by  the  ice  blink  ia 
others.  This  I  believe  to  be  the  reason  why  the  officers  on  the 
Titanic  did  not  see  the  berg  soon  enough  to  stop.  It  is  stated  that 
on  a  clear  day  on  the  horizon  over  the  ice  the  shy  will  be  much  paler 
or  lifter  in  color,  and  may  be  distinguished  from  that  overhead. 

During  foggy  weather  ice  can  sometimes  be  made  out  on  account 
of  its  darker  appearance.  In  this  case  it  is  a  contrast  effect  again, 
but  this  time  it  is  the  shadow  of  the  berg  against  the  white  shadow- 
less fog  particles. 

Icebergs  are  sometimes  detected  by  the  echo  from  the  steam 
whistle  or  foghorn.  They  are  also  frequently  heard  for  many  miles 
by  the  noise  they  make  in  breaking  up  and  falling  to  pieces.  Hie 
crackii^  of  the  ice  or  the  falling  of  the  pieces  into  the  sea  causes  a 
noise  like  thunder. 

The  absence  of  swell  or  waves  is  sometimes  a  sign  of  ice  or  land, 
and  the  presence  of  flocks  of  birds  far  from  land  is  an  indication  of 
ice.  The  temperature  of  the  air  usually  falls  as  ice  is  approached, 
and  mariners  describe  a  peculiar  damp  cold  as  distinguished  from 
the  cold  caused  by  a  change  of  wind.  I  shaU  discuss  the  fall  in 
temperature  of  the  sea  as  ice  is  appoached  in  what  follows. 

FAILUBB     OF    FBBVIOTTS     BFFOBT8     TO     HAKK    USB     OP    TEHPEKATUBB 
0HAN0E8   nr  THB  SEA. 

Navigators  place  no  reliance  on  temperature  measurementfi.  As 
a  matter  of  sh^board  routine,  the  temperature  of  the  water  is  taken; 
but  very  UtUe,  if  a^y,  attention  is  taken  of  it.    The  method  is  to  dip 
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a  oanTaa  bucket  over  the  &ide  and  bring  up  a  sample  of  ma  water. 
the  quartermaster  then  inserts  a  good  household  thermometer  m  the 
water,  waits  for  a  few  minutes,  and  then  reports  the  reading  to 
the  bridge.  The  thermometer  is  usually  graduated  in  2°  intervals, 
representing  a  length  of  stem  about  one-eighth  of  an  inch.  The 
interval  of  time  between  the  dipping  of  the  water  and  the  report  of 
the  reading  may  be  anything  from  5  to  10  minutes.  In  the  mean- 
time the  ship  has  sailed  some  miles  beyond  the  point  of  observation. 
It  is  not  surprising,  in  the  light  of  my  residts,  that  no  value  whatevec 
can  be  attached  to  measurements  of  this  kind.  As  an  example  I  can 
quote  from  a  standard  work  on  navigation,  Capt.  Lecky's  Wrinkles 
in  Practical  Navigation,  fifteenth  edition: 

Allied  to  fog  is  the  question  of  danger  from  ice.  It  is  a  popular  delusion  among 
pMBcngeiB  on  board  ship  Qat  by  liking  the  t«ifipenture  of  the  eea  surface  at  ehort 
intervals  the  approach  to  ice  in  untailingly  indicated.  Unfortunately  mA  is  fay  no 
means  Qie  fact,  and  reliance  tbeieon  invites  dieacter.  More  than  oidinarily  cold 
water  merely  shows  that  the  ship  is  in  a  part  ot  the  ocean  where  ice  may  possibly 
be  encountered,  and  not  that  it  is  actually  present. 

By  kind  permiasion,  and  on  the  unexceptional  authority  of  Capts.  Ballantine,  Dutton, 
and  Smith,  of  the  Allan  Hail  Steamship  Line,  all  men  of  hi^  standing  in  tfa«  profea- 
flion  and  well  acquainted  with  ice  navigation,  it  is  here  stated  that  no  appreciable 
difference  in  the  temperature  of  the  sea  surface  is  caused  by  the  proximity  of  even  the 
largeet  icebergs,  and  when  one  considers  what  a  poor  conductor  of  heat  water  is,  theii 
■tatement  con  be  well  believed.    *    ■    " 

In  a  letter  to  the  autlior.  Lord  Kelvin  says:  "The  conducting  power  ot  mt«i  is  M 
small  that  there  would  be  absolutely  no  cooling  effect  by  coadoctiOD  to  a  distance 
from  an  iceheig;  but  there  might  be  a  considerable  efiect  by  the  cold  and  light  beeh 
wikter  running  down  from  the  icebeig,  and  spreading  far  and  wide  over  the  surface 

This  eeems  a  reasonable  anppoaition,  but  it  is  more  than  likely  that  the  film  of  cold 
freeh  water  would  be  broken  up  by  the  agitation  of  the  wind  and  waves,  and  In  any 
case  disturbed  and  turned  over  by  the  plowlike  action  of  a  venel's  bow  going  at  speed, 
tinder  theee  circumstances  the  hydrometer  would  be  no  better  than  the  thramomet«r. 

Again,  it  is  well  known  that  about  the  Banks  the  Labrador  current  is«oin«t{]7i««colder 
^en  no  ice  is  to  be  seen  than  it  is  iriien  the  contrary  ii  the  case.  In  winter  its  surbce 
tempeisture  even  falls  to  2S°  F.  Large  icebeigs  have  been  actually  passed  at  a  dis* 
tance  of  a  quarter  of  a  mile,  and  the  sea-snrface  tempentore  tested  carefuUy  without 
finding  a  lingle  degree  o/differtjwe  from  what  previouaty  existed  irti«i  thoie  wese  none 
in  sight. 

It  may  bo  fairly  assumed,  thereforo,  that  no  reliance  is  to  be  placed  upon  the  ther- 
mometer as  on  immediate  or  direct  means  of  detecting  the  presence  of  ice,  especially 
when  it  takes  the  form  of  stray  bergs.  In  fog  it  will  simply  tell  yon  when  die  ship 
has  entered  the  cool  current,  irtiich  may,  or  may  not,  be  ico  bearing. 

Dr.  W.  Bell  Dawson,  director  of  the  Canadian  hydrographic 
Burvey,  has  made  a  study  of  the  temperature  effect  of  an  iceberg  in 
the  Strait  of  Belle  Isle.  In  his  report  to  the  department  of  marine 
and  fisheries,  in  1907,  he  says: 

leeberga  in  relation  to  mater  temperalure, — On  August  7,  ISM,  an  unusually  large 
keberg  w«s  aground  in  67  fathoms  off  Chateau  Bay.  An  instnunental  survey  made 
la  a  beat  diowed  it  to  be  780  feet  long,  390  feet  wide,  and  106  feet  bi^.    Thewater 
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fpuutnw  On  dUhnot  lidcs  were  38°,  87°,  and  87°,  %t  difMnCM  nagiag  fmk  130 
to  1,320  [Mt  bom  it.  On  thkt  tUy  tbe  water  tompeiUufe,  on  %  line  bom  CbttMU  B%y 
to  Belle  lale,  wu  36)°  off  the  mouth  of  the  bay,  39°  ia  tbe  middie,  and  41°  off  the 
Boutb  end  of  Belle  Isle.  It  was  lowered  lees  than  2°,  therefore,  in  the  pioximity  of 
theicebeig. 

"Hie  next  day,  August  8,  a  sbikII  icehetg  waa  agnmnd  in  Oateau  Bay.  lite  water 
tempemture  In  the  middle  of  tbe  bay  wm  84°  and  at  the  nnutti  34)°.  TbB  knreat 
temperature  clcse  to  tbe  iceberg  was  33}°,  which  lium  a  di&ereace  of  not  more  than 
1°  due  to  tha  icebetg. 

In  1906  an  iceberg  about  140  feet  long  was  aground  b  3S  fathoms,  about  1)  miUe 
Item  Station  P,  where  it  ramained  (or  several  days.  On  June  19  it  was  examined  in  a 
boat.  Hie  eiirfnce  tempeiatan  in  the  etiait  at  the  tiiue  was  3&)°,  and  cloee  around 
the  berg  it  waa  found  to  be  the  same,  except  on  the  weet  aide,  when  the  water  tailing 
faom  it  with  the  flood  waa  35°.  There  waa  thus  only  one-half  degree  differeoce  o(  tet»- 
perature  to  be  found  near  it. 

It  is  clear  ihat  up  to  the  time  of  the  e^cperiments  with  tbe  micro- 
tlienaoiiieter,  in  1910,  there  was  good  evidence  to  show  th«t  tbe 
ordinuy  thermometer  is  uselees  to  detect  the  small  temperature 
effect  of  an  iceherg.  Hence  captains  are  correct  in  their  statement 
that  the  ship's  thermometer  is  useless  as  a  means  for  locating  an 
iceberg. 

THE   SSOOaOINQ   HICSOTHE&HOinrrBB. 

The  development  of  the  recording  microthermometer  has  been 
the  result  of  nearly  20  years'  experience  in  the  study  of  minute 
temperature  ndi&nges  in  the  ice-bearing  vater  of  the  St.  Lawrence 
RiTer.  By  applying  Tery  seontiTe  electrical-resistance  thermometere, 
it  has  bemi  possible  to  show  that  the  temperature  of  the  St.  Lawrence 
in  winter  never  varies  more  than  a  minute  fraction  of  a  degree  from 
the  fresnng  point.  The  small  variaUone  that  have  been  obeerved 
and  measured  are  the  result  of  heat  exchangee  whta  ice  is  present, 
uid  they  accompany  the  formation  or  the  disint^ation  of  the  ice. 
Tbe  dehcate  poising  of  the  forcra  of  nature  are  here  wonderfully 
illustrated.  A  few  thousandths  of  a  degree  on  either  side  of  the 
freezing  point  of  the  river  water  produces  immense  physical  ^ects. 
Thus  tht  character  of  a  river  may  be  changed  in  a  single  ni^t,  or 
the  idieelB  of  the  largest  hydroelectric  station  completely  stopped  by 
a  drop  of  a  few  thousandths  of  a  degree  in  the  temperature  of  the 
water.  As  a  result  of  this  knowledge  it  is  now  possible  to  apply  arti- 
ficial heat  around  the  wheels  and  gates,  and  completely  i»went  any 
trouble  from  the  sticking  of  the  ice  noedlee  drawn  in  by  the  water. 

Four  years  ago  I  undertook  some  experiments  to  study  the  ice- 
breaking  operations  on  the  St.  Lawrutce,  and  to  determine  the  effect 
of  open  water  conditions  on  the  temperature  of  the  river.  During 
this  time  I  turned  my  attention  to  a  practical  form  oi  deotiical' 
resistance  thermometer,  which  could  not  only  easily  measure  thou- 
sandths of  a  degree  but  automatically  record  them  on  a  chart  when 
working  from  the  ice  Iveokeis  going  at  full  speed.    Following  out 
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ideas  which  I  had  developed  along  theee  Hues,  I  devised  an  instru- 
ment which  has  proved  so  satisfactory  and  trustworthy  that  I  have 
given  it  the  name  of  the  microthennometer. 

The  thermometer  bulb  (fig.  2)  consists  of  concentric  cylinders  of 
copper  tube  about  6  inches  long  and  4  inches  in  diameter.  On 
the  surface  of  the  inner  tube  the  coil  of  resistance  wire  is  wound. 
The  outer  tube  fits  closely  over  this  and  the  ends  are  soldered 
together.  This  makes  a  winding  which  affords  a  large  cooling 
surface  and  is  exceedingly  sensitive  to  temperature  changes.  The 
coil  consists  of  250  feet  of  large  size  iron  wire, silk  covered,  and  has  a 
resistance  of  approximately  125  ohms  at  0°  C.  I  used  iron  wire  for 
two  reasons,  its  cheapness  and  its  remarkable  steadiness  of  zero 
for  ice  temperature  readings.  The  larger  size  wire  enabled  me  to 
apply  considerable  battery  power  without  appreciable  currant  heating. 
My  experiments  with  platinum  were  meet  unsatisfactory.    There 


was  great  current  heating  and  changes  of  zero  which  as  yet  I  have 
not  been  able  to  explain.  The  iron  wire  maintains  an  inTariable  zero. 
When  iron  is  heated  over  50"  C,  however,  its  zero  does  change  and 
can  only  be  restored  by  cooling  to  a  low  temperature.  It  appears 
that  there  must  be  some  internal  molecular  change  in  the  iron 
above  50°  C.  which  has  not  as  yet  been  studied. 

The  connecting  wires  from  the  bulb  pass  to  a  lead-covered  cable 
of  four  strands,  as  in  Callendar's  compensating  method,  and  then  to 
the  recorder,  which  may  be  a  good  Callendar  recorder  with  the 
galvanometer  removed.  The  galvanometer  actually  used  consists 
of  a  jeweled-bearing  D'Arsonval,  of  spedal  design,  of  about  300 
ohms  resistance,  llie  bridge  wire  may  be  interchanged  so  as  to 
produce  different  scales.  Tlie  one  I  have  found  useful  is  8  inches 
long,  and  ^vea  a  range  of  1°  over  its  entire  length.  I  have  used 
also  one  ^ving  half  a  degree,  and  the  records  are  very  nearly  as 
perfect  as  with  the  1°  range.  Other  wires  giving  4*  and  8"  intervals 
863W°^u  1B12 47 
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are  frequently  useful.  By  my  arnu^ement  it  is  possible  to  switch 
from  one  wire  to  another  very  quickly.  The  1°  scale  is  essential  in 
very  cold  water,  but  for  warmer  water  the  coarser  scale  is  necessary. 

The  thermometer  may  be  connected  so  as  to  read  the  temperature 
directly,  in  which  case  ^e  resistance  of  the  bulb  is  compensated  by  a 
known  resistance  box.  In  this  way  the  value  of  the  resistance 
from  previous  calibration  gives  a  measure  of  the  temperature. 
The  thermometer  bulb  may  also  be  connected  differentially  with  a 
second  equal  bulb,  and  only  differences  in  temperature  recorded  on 
the  chart.  This  method  can  be  applied  to  give  the  difference  in 
temperature  between  the  bow  imd  the  stem  of  a  ship.  IIiub  a 
ship  so  equipped  could  not  possibly  run  into  ice  as  long  ss  the  bow 
thomometer  was  equal  to  Uie  stem  thermometer. 

In  order  to  measure  the  tempwatur©  of  the  river  or  sea  water 
the  thermometer  bulb  can  be  trailed*  by  guy  ropes  alongside,  and 
the  lead  cable  carried  through  heavy  copper  pipes  up  to  the  deck 
of  the  ship.  From  there  the  cable  can  be  carried  to  the  chartr 
house  or  other  convenient  location.  The  thermometer  bulb  may 
also  be  placed  in  a  tank  fed  from  the  circulating  water  in  the  engine 
room.  This  method  is  desirable  on  a  fast  moving  ship  or  in  re^ons 
where  much  floating  ice  is  about. 

It  win  be  seen  that  the  microthermometer  is  a  refined  electrical- 
resistance  thermometer. 

FEACTlCAl:.  TESTS  OF  TBK  MIOROTHBBHOHETER. 

BeaJizing  the  great  menace  to  navigation  in  the  presence  of  ice, 
I  was  anxious  to  find  whether  retinod  measurements  of  the  tempera- 
ture of  the  sea  could  be  used  to  warn  a  ship  at  night  or  in  time 
of  fogi 

As  a  preliminary  teat  of  the  sensitiveness  of  the  instmment,  I 
had  some  experiments  made  in  the  St.  Lawrence  River  during  the 
time  of  the  ice-breaking  work.  The  C.  O.  S.  Lady  Grey,  having 
cleared  out  the  ice  from  the  channel  as  far  as  I^e  St.  Peter  from 
Quebec,  was  detailed  to  steam  slowly  up  the  river  toward  the 
unbroken  ice  sheet  in  the  lake.  The  edge  of  the  ice  was  sharp 
and  well  defined,  and  extended  out  from  the  shore  along  the  banira  of 
the  river.  The  current  of  the  river  flowed  from  under  the  ice  in  a 
slightly  diagonal  direction,  so  that,  steanung  in  the  open  water,  the 
current  flowed  in  such  a  way  as  to  pass  under  the  edge  of  the  shore 
ice.  The  ship  started  2  miles  below  the  upper  edge  of  the  ice,  and 
measurements  of  temperature  were  taken  at  intervals  up  to  the  ice. 
Figure  3  shows  the  character  of  the  temperature  curve  obtained, 
and  illustrates  how  accurately  the  microthermometer  registers  even 
so  small  a  termperature  change  as  one-tenth  of  a,  d^ree  per  mile. 
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The  Microthshmometer  in  the  Laboratory  Ready  for  Testing. 
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In  ihe  lower  put  of  ihe  diagram  a  map  is  shown  ^ving  the  edg« 
of  the  ice,  the  ship's  oourse,  and  the  direction  of  the  current.  It 
will  be  seen  that  the  temperature  is  everywhere  a  meaaure  of  the 


ship's  distance  from  the  ice  sheet  taken  along  the  current  lines. 
Thus  the  temperature  curve  gives  us  the  contour  of  the  ice. 

Having  so  determined  the  presence  of  the  ice  sheet,  even  in  water 
less  than  one-tenth  of  a  degree  above  the  freezing  point,  I  determined 
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to  obtain  meafiurements  of  the  sea  temperature  in  the  vicinity  <4 
icebergs.  In  July,  1910,  the  Canadian  department  of  marine  and 
fisheries  kindly  granted  me  facilities  for  doing  this  on  the  ice-break- 
ing steamer  Stanley,  proceeding  to  Hudson  Bay  with  a  surrey  party. 
My  assistant,  Mr.  L.  V.  King,  undertook  the  observations  during  tida 
trip,  and  an  account  of  the  work  was  published  in  my  report  to  the 
Government. 

The  thermometer  was  placed  over  the  side  of  the  ship,  immersed 
to  a  depth  of  about  5  feet,  and  a  record  of  temperature  was  made 
through  the  Strait  of  Belle  Me,  along  the  Labrador  coast,  to  Hudson 
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Bay.  The  recorder  was  placed  in  Mr,  King's  cabin,  where  he  could 
obserre  the  effect  of  ice  and  laod.  Several  icebergs  were  passed  in 
the  northern  journey,  at  a  distance  of  about  half  a  mile,  and  these 
were  recorded  on  the  chart  by  a  rapid  fall  of  temperature  of  from  1° 
to  2"  as  the  bei^  were  approached.  It  was  found  as  the  ship 
drew  near  a  berg  that  a  rise  of  temperature  took  plaoe  first,  fol- 
lowed by  a  rapid  fall.  On  the  miorothermometer  the  effect  was 
clearly  shown,  but  would  have  been  missed  entirely  on  an  ordinary 
thermometer.  I  have  called  this  pecuhar  rise  and  fall  of  temperature 
the  "icebei^  effect,"  and  it  seems  to  be  characteristic  and  easily 
distinguished  from  the  small  oscillations  of  temperature  found  in  open 
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seft.  It  was  supposed  that  the  iceberg  effeot  wu  caused  by  the  fresh 
water  observed  by  Fettersson  in  his  tank  experiments  diluting  the 
sea  water,  and  creating  a  blanket  of  lighter  water  in  which  the  sun'a 
heat  ia  abeorbed.  In  the  open  sea  the  warming  of  the  sea  by  the  sun 
ia  offset  by  the  vertical  ointulation,  but  in  the  fresher  and  lighter  water 
this  is  impossible,  and  the  warmer  water  remains  on  the  surface. 


mSTUBBINO  INFLUENOB  OF  LAND  C 


[  THE  TBHFEBATOaB  OP  THE  SEA. 


One  of  the  most  interesting  results  of  the  Hudson  Bay  experiments 
was  the  effect  of  land  on  the  temperature  of  the  sea.    The  coast 
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of  Labrador  appears  to  exert  an  influence  in  turning  up  the  colder 
undercurrents  of  the  Arctic  stream.  Thus,  whenever  the  ship 
steamed  in  toward  the  coast  line  the  temperature  was  found  to  f^ 
1°  or  2°.  The  limit  of  the  influence  appears  to  be  about  6  miles.  It 
has  been  shown  by  Dr.  Dawson  that  the  shoals  in  the  Bay  of  Fundy 
influence  the  surface  temperatures,  and  this  is.  in  accord  with  the 
present  results.  Taking  this  into  consideration,  it  appears  that  the 
microtbennometer  may  be  of  great  service  ia  telling  the  presence  of 
land  and  shoals  from  a  ship  at  sea.  figure  4  shows  the  efiect  of  the 
coast  line  of  Labnulor  in  lowering  the  surface  temperature  of  the  sea.. 
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TBANBATLANTIC   KXPEBIUENTS. 

During  my  trip  across  the  Atlantic  early  in  May  of  this  year  I 

i 


obtained  a  continuous  reoord  of  the  temperature  of  the  sea  from 
Halifax  to  Bristol.     Through  the  kindness  of  the  Canadian  Korthern 
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Steamship  Co.,  I  installed  the  nuerothenDometer  on  the  Royal  Qeorge, 
and  for  3,000  miles  the  inBtnunent  f aitJifuUy  recorded  the  temperature 
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TariatiooB  in  the  sea.    In  these  experiments  the  btilb  of  the  ther- 
mometer was  placed  in  sea  water  drawn  continuously  from  the 
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oiroulating  wftter  of  the  engines  at  a  point  within  a  few  feet  of  the 
intake  mouth,  situated  about  16  feet  below  the  water  line.  The  wires 
passed  through  the  engine  room  to  Chief  Engineer  McQuitty's  office, 
where  the  recorder  was  situated.  The  course  followed  was  south  of 
Cape  Kace  to  the  south  o£  Ireland. 

The  result  of  these  experiments  brings  out  several  points  of  impor- 
tance. The  ioeberg  effect  was  clearly  obtained  when  passing,  eaiiy 
in  the  afternoon,  into  the  ice  track.  Figure  5  sbo^ra  this  very  well, 
even  in  water  nearfy  at  32"  F.  The  ship's  course  was  altered  here 
to  avoid  a  large  berg,  and  when  abeam  of  two  immense  icebeigs,  situ- 
ated approximately  10  miles  on  either  side  of  the  ship,  the  micro- 
thermometer  showed  its  niinimum  reading,  and  as  the  betgs  were  left 
behind  the  temperature  rose  rapidly  to  a  maximum,  fell  off  again,  and 
then  rose  steadily.  No  further  ice  was  encountered  until  early  the 
following  morning,  when  several  ioebeigs  were  passed  in  water  measur- 
ing approximately  37"  F. 

The  sudden  change  of  temperature  on  passing  out  of  the  Arotio 
current  into  the  Gulf  Stream  was  clearly  marked.  Here  a  rise  of 
temperature  of  nearly  10°  was  recorded  in  a  little  over  half  an  hour. 
The  great  steadiness  of  the  temperature  of  the  Gulf  Stream  waa  re- 
markable, SLOce  for  hundreds  of  miles  the  variations  were  not  more 
than  a  quarter  of  a  degree.  The  complete  absence  of  any  diurnal 
variation  of  temperature  was  clearly  marked. 

The  tests  have  shown  that  large  variations  of  sea  temperature  are 
caused  only  by  some  abnormal  condition.  Thus  land  affects  it,  ice- 
beigs  produce  characteristic  disturbances,  and  current  boundaries  are 
clearly  shown.  The  existence  of  a  submarine  hot  spring  was  indicated 
when  passing  over  the  great  wall  of  the  continental  shelf  about  400 
miles  from  the  Irish  cowt.  The  bottom  of  the  ocean  rises  quickly 
here  from  abput  3  miles  to  one-third  of  a  mile.  Just  over  this  w^ 
the  temperature  rose  rapidly  to  a  sharp  peak  about  1}°  wanner  than 
the  surrounding  sea,  and  immediately  fell  again.  Figure  6  shows  this 
.  disturbance  very  clearly  marked.  It  shows  the  peak  superimposed 
on  the  small  variations  oharacteristic  of  the  open  sea. 

Nearing  the  Irish  coast  the  variations  of  the  sea  temperature 
became  more  marked,  and  this  commenced  at  a  distance  of  200  miles 
from  the  shore.  Figure  7  illustrates  this  very  well,  where  the  vari- 
ations may  be  seen  to  be  much  larger  than  in  the  previous  plate. 
Figure  8  shows  the  effect  of  drawing  near  the  Fastnet  li^thouse, 
which  was  pissed  at  a  distance  of  about  4  miles.  Here  the  tempera- 
ture rose  as  in  the  iceberg  effect,  and  then  fell  as  the  ship  was  abeam 
of  the  nearest  point  of  land.  The  temperature  then  is  seen  to  rise, 
as  land  was  left  behind,  through  the  Irish  Sea.  The  approach  to 
Lundy  Island  caused  the  temperature  to  rise  rapidly  again  and  then 
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fall  as  the  ship  passed  abeam  of  the  island,  about  300  yards.  Tbo 
effect  is  here  more  marked  thfOi  in  the  case  of  the  Fastnet,  but  it 
must  be  remembered  that  the  ship  passed  much  closer  In  the  fonoer 
case  than  in  the  latter.  The  proximity  of  the  En^ish  ooast  caused  a 
rapid  fall  of  temperature,  as  shown  in  £gure  8,  when  the  ship  was 
only  2  miles  aS  the  Somersetehire  coast,  steaming  up  the  Bristol 
Channel.  It  is  probable  that  the  rise  of  temperature  in  both  cases  is 
due  to  the  efifect  of  fresh  water  from  die  land  floating  out  over  the 
surface  of  the  sea  and  diluting  it  to  a  considerable  distance. 

Early  in  June,  since  giving  tiiis  address,  I  was  enabled,  through 
the  IrinHnnftn  of  the  Allan  Steamship  Line,  to  obtain  measurements  of 
the  sea  temperature  on  the  northly  route  from  Ireland  across  the 
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Atlantic  to  Cape  Race  and  through  the  Gulf  of  St.  Lawrence  to 
Montreal.  These  ch&rte,  which  I  intend  to  publish  later,  completely 
confirmed  the  previous  resulte.  During  fog  in  the  ice  track  the  ice- 
berg effect  was  clearly  obtained,  and  later  a  large  iceberg  was  dis- 
corered  ahead. 

The  icebei^  all  produced  an  effect  in  the  instrument,  evea  those 
passed  at  distances  ranging  from  8  to  12  miles.  The  temperature  of 
t^e  water  tiuough  the  ice  track  was  between  40°  and  41°  F.  Even 
when  passing  within  a  quarter  of  a  mile  of  a  beig  it  was  only  39°,  yet 
by  the  iceberg  effect,  i.  e.,  the  sharp  rise  of  temperature  to  a  maxi- 
mum above  the  sea  temperature,  the  influence  of  the  berg  could  be 
clearly  seen.    This  shows  very  well  that  the  actual  temperature  of 
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the  water  ia  not  a  ^de  as  to  the  proximity  of  ic«,  not  only  because 
this  may  be  lising  and  falling,  due  to  other  causes,  but  because  in 
different  aeasons  of  the  year  the  arctic  current  is  at  different  tempera- 
tures. The  variation  of  temperature  aa  ice  ie  approached  is,  however, 
unmistakable,  and  this  the  miciotJmmometer  has  invariably  indi- 
cated. Should  tiw  ice  be  found  in  a  locality  where  variations  due  to 
other  causes  are  found,  the  iceb«g  ^«Dt  is  so  characteristic  and 
sharp  that  it  will  be  superimposed  on  the  other  curve  in  such  a  way 
as  to  be  unmistakable. 

Nearing  Cape  Race  the  temperature  fell  rapidly  several  degrees 
below  the  surrounding  sea  temperature.  Fresh-water  rivers  flowing 
into  the  St.  Lawrence,  where  the  waters  were  salt,  produced  the 
iceberg  effect,  thus  indicating  the  probable  cause  of  that  phenomenon 
as  being  due  to  the  water  from  the  icebei^  diluting  the  salt  water. 
(See  Appendix.) 

THE  PRACTICAL  LOCATION  OF  ICE. 

The  important  quration  arises  as  to  how  an  iceh^^  can  be  defi- 
nitoly  located  by  means  of  the  microthermometer.  The  exact 
position  of  a  berg  ahead  of  a  ship  in  a  fog  is  oi  the  greatest  importance 
to  determine.  In  general,  it  may  be  said  that  an  iceberg  will  make 
itself  felt  in  the  first  place  by  a  rapid  rise  of  teu^eratiu^  as  it  is 
approached.  In  the  immediate  vicinity  of  the  berg  the  temperature 
falls  quickly.  The  first  warning  will  be  when  the  tempwature  begins 
to  mount  up  the  scale  above  the  surrounding  sea  temperature.  In 
r^ons  where  icebergs  are  in  close  proximity  safe  navigation  will  be 
found  possible,  sinoeno  isothermal  line  can  lead  to  an  iceberg. 

In  conclusion,  I  wish  to  impress  upon  the  reader  the  importance 
of  the  fact  that  the  actual  temperature  of  the  water  in  the  ice  track 
is  no  guide  to  the  proximity  of  even  the  largest  icebeig.  The  expe- 
riences of  north  Atlantic  sea  captains  alone  testifies  to  tlie  uselessness 
of  individual  observations.  It  is  to  the  small  variations  of  tempera- 
ture we  must  look  for  the  infallible  guide,  and  by  means  of  the 
character  of  these  variations  we  can  determine  the  presence  of  ice, 
land,  or  currents. 
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APPENDIX  1. 


'   TBHPEBATUBK 


[Utlac  to  NaCuiB,  pubUitwd  In  tlw  lasoe  <tf  Dm>.  12,  UI3.1 

Dnring  the  Bummer  of  I9I2  I  had  an  opportunity  of  examining  in  detail  the  tem- 
perature eSecta  ot  ic«beig8.  The  Ganadiui  GovwDmeat  placed  ita  eteMmhip  Manl- 
adm  at  my  disposal  for  the  teets,  and  tbree  weeks  were  spent  through  the  Sttait  of 
Belle  lale.  Careful  records  were  mads  of  the  temperature  effects  of  icebetge  and  la&d. 
Theee  tests  have  shown  conclusively  that  it  b  the  riu  of  tanptnUvre  which  is  the 
direct  action  of  the  melting  icebetg,  and  that  when  a  tall  of  temperature  is  obeerved 
near  ice  it  is  due  to  the  action  of  a  cotdec  current  in  which  the  icefaeig  is  floating,  and 
is  not  due  to  the  cooling  influence  of  the  ice.    Cooler  currents  may  exist  throughout 
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the  Arctic  current,  whether  accompanied  by  ice  or  not,  but  the  presence  of  the  ice 
causes  a.  zone  of  warmer  wat«r  to  accumulate  for  a  c^cosiderable  distance  about  it. 

The  icebergs  I  studied  in  the  Btrait  of  Belle  Isle  and  oS  the  easteni  end  of  the 
Bhait  in  the  Labrador  current  showed  no  appreciable  cooling,  even  within  a  tew 
yards  of  them.  The  rise  of  temperature  approaching  an  isolated  beig  was  somewhat 
over  2"  G.  In  figure  9  I  ahow  the  isothermal  linee  about  a  typical  beig  off  the  eostem 
end  of  the  Strait  of  Belle  lale.  Thla  diagram  was  obtained  by  arranging  a  number 
of  courses  for  the  ship  from  all  sides  up  to  a  radius  of  6  miles. 

As  a  good  illuHtratioo  of  how  icebergs  and  groups  of  icebeigs  aSect  the  water  tem- 
perature T  show  a  microtliermogram  in  figure  10,  taken  from  the  records  made  passing 
weetwaid  through  the  Strait  of  Belle  Isle.  In  every  case  the  approach  U>  ice  caused 
a  rise  of  temperature. 
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The  ezplanaUon  of  this  effect  which  I  g&ve  ftt  my  Friday  ev^iiiig  diaconiae  at  the 
Royal  loBtitution  last  Hay  was  founded  on  PetUnBon's  Oisary  of  ice  meltLng  in  salt 
water.  By  this  theory,  which  can  euily  b«  verified  by  a  simple  expciimeDt,  ice 
melting  in  salt  water  produces  three  currents:  (1)  A  current  of  aalt  water  cooled  by 
the  ice  which  sinks  downward  by  gravity,  (2)  a  cuneot  of  waim  salt  water  flowing 
toward  the  ice,  and  (3)  a  current  of  li{^t  freofa  water  from  die  ice  liaing  and  spreading 
out  over  the  sorbce  of  the  salt  water. 

I  at  fitst  thou^t  that  it  was  this  surface  current  of  ftnh  water  that  influenced  the 
microthermometer.    The  fringe  of  this  ligjbter  water  would  be  wanner  than  tbs  sea 


water  on  account  of  the  action  of  the  sun  and  scattered  radiation,  which  is  v«y  stnmg 
at  sea.  The  lighter  water  would  retain  the  heat  because  it  could  not  mix  readily  with 
the  sea  water.  Near  the  iceberg  I  considered  that  a  fall  of  temperature  would  result 
from  the  cooling  influence  of  the  surface  current  of  fresher  water. 

My  recent  testa  have  shown,  however,  that  an  iceberg  mells  so  slowly  that  little 
effect  of  the  dilution  can  be  detected,  even  right  beside  the  beig.  I  took  a  rmmbOT  of 
samplefl  of  sea  water  at  different  distances  from  iceberp  as  well  as  samples  taken  br  from 
ice.  These  samples  I  carefully  bottled  and  brought  home  to  l^e  l^>oiatary,  where 
they  were  most  accurately  tested  by  the  electric  conductivity  method  in  the  physicfr- 
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(Aemical  deputmoit  by  Dr.  Uclntoah  utd  Vs.  Otto  Maui.  No  paaeible  etror  could 
result  in  this  my,  and  the  t«stB  being  cwried  out  M  a  c<Histant  tempenture  under  the 
most  bvonble  circumstAncei  theie  is  no  reason  to  doubt  their  conectueee.  The 
comparison  shows  little  dilution  due  to  &e  icebergs,  which  goee  to  ahow  how  quickly 
the  melted  water  from  the  berg  is  mixed  with  the  sea  water.  Larger  vari&tion«  were 
found  ftt  different  parts  o{  the  mk  th&n  were  obtained  in  the  proximity  of  ice. 

It  is  evident  that  an  iceberg  in  melting  cauaee  only  two  of  the  Fetteisson  cunenta, 
i.  e.,  a  cold  current  which  sinlii  downwiud  carrying  with  it  most  of  the  melted  ice 
water,  uid  a  horizontal  surface  current  of  sea  water  Sowing  in  toward  the  ice  to  cause 
its  melting.  By  this  means  we  should  expect  the  sea  in  the  immediat«  proximity  of 
cebergs  to  be  wanner  than  further  away,  because  the  sea  suifece  current  is  moving 
in  toward  the  berg  uid  does  not  share  in  the  normal  vertical  circulation  which  tends 
to  keep  the  sea  eurfoce  temperature  cooler. 

The  iceberg,  in  causing  its  own  current  of  warmer  water,  provides  for  its  own  disin- 
tegration. Abundant  evidence  is  at  hand  to  show  the  melting  process  going  on  under 
the  water  line. 

In  my  observations  of  icebergs  I  was  greatly  struck  with  the  large  amount  of  air 
dissolved  in  l^e  ice.  The  white  color  of  the  berg  is  due  to  innumerable  air  bubbles 
in  the  ice,  and  not  to  snow  on  the  surface.  An  iceberg  is  very  deceptive  in  this  way. 
While  it  looks  quite  soft,  the  ice  is  so  hard  as  to  make  it  difficult  to  chop  with  an  ax. 
Ice  water  which  I  prepared  for  drinking  on  board  ship  with  iceberg  ice  appeared  to 
eServeece  like  soda  water,  merely  due  to  the  liberation  of  the  air  from  the  melting  ice. 
It  is  possible  that  the  sudden  disappearance  of  bergs  with  a  loud  report  is  due  to  their 
explosion  from  accumulated  air  in  the  interior.  I  passed  close  to  one  beig  which  was 
casting  off  small  pieces,  apparently  by  the  pressure  of  the  pent-up  air. 

While  icebergs  send  the  temperature  of  the  sea  up,  land  and  coast  line  send  it 
down.  This  was  observed  all  along  the  coast  in  the  Straits  of  Belle  Inle.  This  effect 
is  due  to  the  action  of  land  in  turning  up  the  colder  underwater  by  the  action  of  tides 
and  currents.  A  great  deal  of  work  remains  to  be  done  in  studying  the  effect  of  land 
and  ^oale  on  the  temperature  of  the  sea,  but  observations  show  the  effect  not  tmly 
here  but  on  the  Irish  and  English  coasts. 

From  Qie  point  of  view  of  the  safety  of  our  St.  Lawrence  route,  the  effect  of  land  is 
most  important.  The  icebeig  causes  us  little  worry  because  we  have  only  a  very 
hort  ice  track,  but  to  find  means  whereby  the  proximity  of  land  can  be  determined 

of  the  greatest  importance. 
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Lbttbr  to  "Natukb"  on  ickbbko  HBivnMO. 

EnrroB  Natdkb  :  I  have  pleasure  in  sending  you  a  photograph  of  the  iceberg  around 
which  we  obtained  the  ieothermal  lines  published  in  the  issue  of  Nature  for  Bee.  12 
(pi.  2,  fig.  1).  I  did  not  make  an  instrumental  survey  of  this  berg,  but  it  was  larger 
than  the  average  of  those  met  with  in  the  Strait  of  Belle  Isle.  We  sighted  over  200 
bergs  during  our  trip  and  made  traces  of  many  of  them.  Invariably  the  temperature 
rtwe  on  the  approach  to  a  berg.  Sometimes  a  small  fall  of  temperature  resulted  abeam 
of  the  berg,  but  the  rise  of  temperature  was  the  one  characteristic  effect.  The  two 
other  photographs  illustrate  the  fantastic  shapes  seen  in  ice  (pi.  2,  fig.  1;  ji,  3).  I 
wish  it  wen  possible  to  furnish  in  eome  way  an  idea  of  the  mndwlul  coloring,  but 
I  lun  totally  unable  to  do  40. 
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In  tlie  loi^  ic»b«ig  you  on  we  the  d&ngeioiu  overiungliig  ridge,  which  is  caaaed 
by  theimdenntertneltuig.  Mid  the  lapping  of  the  wumerwBteriraveekgulut  the  ice. 
Thia  ridge  is  always  foand  on  bergn  which  have  not  recently  turned  over. 

In  the  i«coPdB  which  Hr.  King  was  able  to  get  for  me  in  1410,  beaideB  the  riee  of 
tempoature  a  fftll  ot  temperature  was  obtained  vfaen  the  ahip  approacl^  tiw  vadoiia 
icebeigB  with  the  exception  of  one.  "nieee  beiga  w«a«  all  floating  in  the  main  Arctic 
current  off  the  eaetem  coast  of  Labrador.  In  the  light  of  my  recent  woA  I  feel  nira 
thkt  the  dfop  in  tempeiatun  was  due  to  the  indnenca  of  the  cold  cnnwat  in  which  th« 


icebeig  woe  floating.  These  cold  currents  exist  in  the  main  Arctic  current  wheUier 
ice  is  present  or  not,  but  the  presence  of  the  ice  is  to  elightly  elevate  the  t«inp«rmtui«. 
To  BseiBt  in  iltustntion  of  my  nienning  please  refer  to  the  micro  thennogram  taken  on 
theAlla3iLineR.H.8.l%:fori()nlaetJune(fig.ll).  This  record,  which  is  a  direct  tmce 
from  the  chart  on  the  instniment,  ie  througb  the  ice  track  at  a  depth  of  18  feet,  by  the 
O&pe  Bace  route.  After  passing  the  "Cold  wall  "the  Arctic  current  drops  in  tempent- 
ture  regularly  as  the  ship  proceeds  westward.  The  amall  variations  up  and  down  are 
pwUy  due  to  icebergs  passed  at  distances  of  6  to  8  miles,  and  partly  due  to  colder 


Iceberg  Used  to  Obtain  the  Isothermal  Lines. 
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currents.  The  lowefit  temperature  lecoTded  here  was  reached  nearest  the  Newfound-  . 
land  coiiet,  but  the  effect  of  ice  can  be  seen  well  marked  by  the  sharp  peak  of  temper- 
ature, which  I  have  shaded.  Just  here  we  posaed  most  of  the  ice  cloee  to  and  were 
obliged  to  proceed  eloirfy  in  heavy  fog  at  timee.  Thia  colder  ind  swifter  Arctic 
current  carried  with  it  the  greater  proportion  of  the  ice,  but  it  is  well  known  that  thia 
colder  current  exists  whether  accompanied  by  ice  or  not. 

The  great  drop  in  temperature  just  before  coming  abeam  of  oui  largest  berg  was  not 
due  to  the  iceberg  itself,  but  to  the  influence  of  the  cold  current.  The  effect  of  the 
ice  is  to  hold  the  temperature  abnormally  high.  The  dotted  line  on  the  diagram 
represents  how  the  temperature  would  probably  have  gone  had  no  ice  been  present. 

It  would  depend  which  way  we  approached  this  beig  whether  a  drop  in  tempera- 
ture would  result.  The  temperature  risee  rapidly,  whichever  way  we  approach  it. 
I  have  many  other  traces  illuatrating  the  same  thing,  and  for  thie  reason  I  was  forced 
to  abandon  the  idea  that  an  icebeig  eensifaly  cools  the  water  in  which  it  is  floating. 
I  was  also  unable  to  find  by  calculation  that  an  iceberg  could  appreciably  influence  the 
aea  water  on  account  of  its  slow  rate  of  melting. 

It  is  very  illusive  to  depend  on  laboratory  tank  experiments  to  illustrate  sea  water 
circulation.  The  conditions  at  aen  aie  so  very  different.  I  was  very  much  surprised 
not  to  find  during  my  experiments  last  summer  more  conclusive  evidence  at  sea- 
water  dilution  due  to  the  melting  icebergs.  A  la^e  number  of  conductivity  testa 
were  made  of  sea  water,  and  these  are  deecribed  in  my  Canadian  Govenimeat  report. 
The  following  may  be  of  interest;  the  readings  were  made  at  26°  C. : 

7b&b  of  eonduetivitia  o/ita  water  taken  in  Jvly  (ISIS). 

Close  to  grounded  berg.  Gape  fiauld,  Newfoundland 0. 05007 

Strait  of  Belle  Isle,  eastern  end 04827 

10  milee  east  of  Belle  Isle 048S0 

Close  abeam  laige  berg 04787 

1  mile  north  of  same  berg 04806 

Close  abeam  same  berg 04827 

6  milee  from  same  berg 04768 

70  yards  to  leeward  of  a  berg 04787 

40  yards  to  windward  of  same  berg 04787 

100  yards  to  leeward  of  a  berg 04806 

The  numbers  may,  perhaps,  indicate  a  sl^ht  effect,  but  nothing  like  what  I 
expected.  Uy  conductivity  tests  of  the  sea  water  brought  back  from  findsons  Sliait 
in  1910  gave  a  value  of  0.0480  at  25°  C.  Correcting  for  temperature  this  observation 
serves  to  connect  the  sea  water  entering  the  Strait  of  Belle  Isle  with  that  in  Hudsons 
Stiait.  Eastward  from  Belle  Isle  Strait  the  conductivity  rises  rapidly  for  180  miles, 
alter  which  it  becomes  tmiform  up  to  450  miles.  The  greatest  Arctic  current  sweeps 
down  close  to  the  Labrador  ehore,  and  in  through  the  Strait  of  Belle  Isle  where  the 
resultant  flow  is  westward.  The  following  measurements  of  the  conductivity  through 
the  ice  track  by  the  Belle  Isle  route  were  obtained  last  October  on  the  Empreit  of 
Briutin.    The  values  were  all  measured  at  a  uniform  tempoature  of  26°  C. 

Abeam  of  Belle  Isle 0. 04866 

40  miles  east  of  Belle  Isle 04088 

80  miles  east  of  Belle  Isle 060*7 

leOmilea 06160 

200  milee 05236 

260  miles 06267 

400  miles 05211 
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It  ia  evident  that  the  great  Arctic  cuirent  ia  of  a  lower  order  of  salinity,  and  that  its 
coume  tosy  be  tt»ced  klong  our  owtara  cout. 

In  the  early  spring  when  the  water  is  cold  the  Newfoundland  fishennen  will  find  the 
cod  in  the  vicinity  of  the  icebergs,  and  will  always  obtain  their  catch  there.  Per- 
haps this  is  an  indication  of  the  wanning  influence  of  the  betgs,  for  the  cod  will  not 
live  in  very  cold  water. 

Next  BiinDner  I  shall  continue  my  observations  more  particulady  with  reference  to 
the  influence  of  land  on  the  tempetature  of  the  sea.  1  hope  before  long  to  be  able 
to  publish  here  some  typical  microthennogranu)  howing  this  effect. 

H.  T.  BARNaa. 

UcOniL  Univibsitt,  Jtmwiry  17,  19XS, 

(From  Prof.  H,  T.  Barney  F.  R.  S.) 
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HENRI  POINCARfi:  HIS  SCIENTIFIC  WORK;  HIS 
PHILOSPHY.' 


By  Chablbs  Sqkdhahs. 


With  the  sudden  de&th  of  Henri  Poincarfi  &  gre&t  sadness  came 
to  all  lovers  of  idealisni  and  of  science.  Among  all  classes  it  was 
felt  that  a  great  light  had  been  extinguished  in  the  firmament  of 
thought.  But  that  feeling  was  nowhere  so  poignant  or  so  lasting  as 
among  those  who,  in  their  silent  arsenals,  slowly  forge  their  weapons 
for  the  stru^le  against  the  unknown,  in  the  workshop  of  the  physi- 
cist, beneath  the  dome  of  the  astronomer,  or  in  the  bare  room  which 
the  philosopher  bo  richly  furnishes  with  his  meditations. 

Henri  Poincar£  was  not  only  the  uncontested  master  of  natural 
philoaopy,  the  intellectual  beacon  whose  penetrating  rays  could 
pierce  all  the  regions  of  science.  It  was  not  for  such  qualities  alone 
that  we  admire  him,  for  he  had  also  those  characteristics  which  made 
us  love  him.  That  is  why  for  a  century  he,  more  than  any  other 
philosopher,  haa  had  "that  personal  iafiuence  which  he  alone  can 
exercise  whose  heart  has  not  ceded  to  his  brain."  ' 

And  now,  when  death  takes  from  us  this  master  whose  task  is 
done,  it  is  the  man  alone  for  whom  we  mourn.  In  the  work  which 
he  left  was  the  best  jtait  of  himself.  When  a  man  passes  from  us 
while  yet  young,  yet  full  of  creative  activity,  of  mental  vigor,  of 
moral  force,  the  weight  of  whose  authority  was  constantly  renewed, 
then  our  regrets  are  beyond  bounds.  In  our  sadness  we  are  angry  at 
fate,  for  what  we  lose  is  the  unknown,  the  hopes  without  limit,  the 
discoveries  of  to-morrow  which  those  of  yesterday  promised. 

Other  nations  regret  the  loss  of  Henri  Poincar6  no  less  than  we. 
He  was  received  with  unbounded  admiration  in  Germany  where, 
on  the  invitation  from  their  universities,  he  several  times  lectured 
so  brilliantly  on  his  work.  Such  intellectual  crusades  were  among 
hisgreatestjoys,  for  he  felt  that  he  was  not  only  carrying  convictjon 
but  friendship  ss  well.  Philosophers,  mathematicians,  astronomers, 
all  spoke  of  him  as  the  greatest  authority  of  our  time  ("Die  erste 


tTniukladbriNnntaioDfraniReniBdnnaiixIfaiida,  Pub,  Sgpt.  15, 1913,  pp.  331-36& 
>  All  tu  phnaas  Induded  within  qiutittaii  m«rk>  -wtn  eipmwJ  by  Honrl  Potocw*  hlma 
ottunrtoiMad. 


.d  by  Google 


742  ANNUAL  BBPOBT  SMITHSONIAN  INBTITUHON,  1912. 

Autoiitfit  von  dieser  Zeit")-  And  just  recently  one  of  ihe  mo6t 
eminent  of  American  astronomers,  Prof.  Moulton,  a  member  of  the 
National  Academy  of  Sciences  of  the  United  States,  wrote  of  him 
that  "although  IVance  had  the  honor  of  giving  birth  to  this  admii^ 
able  man  yet  he  may  be  regarded  as  a  genius  of  the  whole  world. 
On  his  tomb  should  be  engraved  those  words  which  the  English  have 
put  on  that  of  Newton,  'Mortals,  coi^atulate  yourselves  that  so 
great  a  man  has  lived  for  the  honor  of  the  human  race.'" 

When,  contrary  to  all  precedent,  he  won  such  honor  among  men 
of  judgment  the  world  over  before  the  lapse  of  a  century  or  two,  we 
may  be  sure  that  the  work  of  Pomcar6  was  truly  great  and  remarka- 
ble. But  before  glancing  at  that  work  as  with  the  look  of  some 
beetle  at  a  majestic  oak,  let  us  dwell  for  a  few  moments  upon  the 
thoughtful  and  captivating  personality  of  this  loved  master. 

I.  THE  MAN  AND  THE  SCHOLAR. 

With  his  ruddy  face,  his  beard  turning  a  little  gray,  and  not  always 
geometrically  arranged,  his  shoulders  bent  as  if  under  the  ever 
present  weight  of  hie  thoughts,  the  first  impression  of  Henri  Poincard 
was  one  of  singular  spirituality  and  imperious  gentleness.  But  two 
traits  were  particularly  characteristic  in  him:  His  voice,  deep  and 
musical  and  remarkably  animated  when  speaking  of  problems  fiduch 
greatly  moved  him,  and  his  eyes,  rather  small,  often  a^tated  by 
rapid  movements,  under  irr^ular  eyebrows.  In  his  ^es  could  be 
read  the  profound  interior  life  which  unceasingly  animated  his  pow- 
erful brain.  His  glance  was  absent  and  kind,  full  of  thought  and 
penetration,  his  glasses  scarcely  veiling  its  depth  and  acutenesa. 
His  short  sightedneas,  poorly  corrected  by  his  passes,  added  to  his 
absent  look  and  made  one  say  of  him,  "He  is  in  the  moon."  Indeed, 
he  was  often  very  far  away. 

Legend  began  to  form  about  him  long  b^ore  his  death  and  attri- 
buted to  him  numerous  traits,  many  of  which  for  half  a  century 
have  been  attributed  to  Ampdre,  some  erroneous,  some  indeed  true. 

It  has  been  said  that  he  was  absent-minded;  absorbed  in  thought 
would  be  more  eotact.  Great  thinkers,'  as  well  as  all  t^io  are  intense, 
are  slaves  of  the  interior  tyrant  which  usurps  their  souls.  When 
thought  assumes  control  of  a  man  it  holds  him  ijnder  its  claws  as 
the  vulture  (d  Prometheus.  The  profound  visions  which  possessed 
the  soul  of  Poincar4  left  him  no  rest.  Often  he  lost  sight  of  the 
near  at  hand  objects  and  the  petty  things  of  daily  hfe,  for  his  vision 
was  closely  focused  on  the  infinite.  It  was  when  he  was  troubled 
with  the  immediate  and  ordinary  things  of  life,  and  his  judgment 
was  then  as  sound  as  in  regard  to  weightier  matters,  that  he  was 
ever  really  distracted,  if  we  use  the  wrad  in  ita  true  etymolc^cal 
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In  the  diBcourse  in  which  he  was  honored  at  the  Acad&nie  fran> 
(aise,  M.  Fr£d6ric  Masson  wittily  narrated  Beveral  anecdotes  of  this 
absent-mindedness.  Esped^y  amuaiag  was  the  carrying  off  one  day 
unconsciously  by  Poincarfi  of  a  willow  cage  from  the  front  of  the  shop 
of  a  basket  maker.  The  iocideot  was  true,  but  upon  inquiry  we  find 
that  Foincarfi  was  only  4  years  old  when  it  happened.  How  many 
men  of  genius,  indeed,  how  many  men  of  no  genius,  are  there  st  whom 
no  one  has  ever  been  astonished  that  at  tliat  age  they  did  sot  show 
the  prudence  of  Nestor  in  their  conduct  on  some  stroll  t  Nor  is  this 
at  all  for  the  purpose  of  weakening  our  skepticism  at  that  "little 
science  of  conjecture"  which  we  call  history.  Foincard  was  himself 
amused  at  all  such  anecdotes.  "They  say,"  he  conceded  with  a  pleas- 
ant smile,  "tiiat  creates  a  legend."  Moreover,  he  has  very  well 
ezpIaiDed  that "  if  we  meet  so  many  geometricianB  and  naturalists  who 
in  the  ordinary  doings  of  evrayday  life  show  a  conduct  at  times  aston- 
ishing, it  js  because,  made  inattentive  by  their  meditations  to  the 
ordinary  things  which  surround  tikem,  they  do  not  see  what  is  about 
them;  it  is  not  because  their  eyes  are  not  good  that  thery  do  not  see; 
it  is  because  they  are  not  seeing  with  th«n.  That  in  no  way  hinders 
them  from  being  capable  of  using  keen  discemment  toward  tiiose 
objects  which  are  of  interest  to  them." 

.  The  psychological  characteristics  of  Foincar^  were  made  the  object 
of  an  interesting  and  vary  full  study  by  Dr.  Toulouse,'  of  which  cer- 
tain conclusions  should  be  noted.  This  study  was  made  especially 
as  an  experimental  test  of  tile  celebrated  statement  of  Moreau  of 
Tours  that  "genius  is  a  nervous  disease."  We  know  how  Lombroso 
took  up  and  amplified  that  idea  and  that  he  thought  that  he  could 
conclude  from  hia  researches  tiiat  genius  is  inseparably  connected 
with  nervous  troubles,  especially  with  epilepsy.  Yet,  despite  aJl 
those  researches  and  from  whatever  side  they  conducted  their  attack, 
Dr.  Toulouse  and  his  collaborators  were  unable  to  find  in  Poincar6 
the  least  trace  of  neuropathy.  AH  tiieir  measures,  all  their  tests, 
showed  them  a  man  p^ectly  normal  psycho-physiologically ,  possessii^ 
in  every  way  the  most  harmonious  and  perfect  equilibrium.  Thus 
he  demonstrated  at  its  proper  value  one  of  the  most  brilliant,  one  of 
the  most  sensational  errors  of  Prof.  Lombroso. 

Because,  physiologically  Foincar6  was,  despite  his  genius,  in  no 
way  different  from  the  average  of  ordinary  men,  I  would  not  fail,  were 
I  a  spiritualist,  to  use  this  as  an  argument  in  favor  of  a  soul  apart  from 
the  body. 

The  instability  of  attention  in  Poincarfi  was  one  of  the  characteris- 
tics which  most  struck  Th.  Toulouse.     Indeed,  Poincarfi  had  a  habit 
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of  jumping  from  one  subject  to  another  entirely  unconnected,  of 
jumping,  if  I  m&y  employ'  a  altng  phrase,  "from  a  cock  to  a  donkcrjr." 
In  keeping  with  this  was  his  habit,  which  often  astonished  strangers, 
of  rising  brusquely  in  the  middle  of  a  converBation,  walking  briskly 
for  a  moment,  and  then  reseating  himself.  "Those  are  idena,"  he 
would  say,  "which  come  and  go."  Perhaps  we  might  thus  compre- 
hend the  "demon"  of  a  Socrates  or  the  "voice"  of  a  Joan  of  Arc. 

"Poincar£  is  not  an  emotional  man,"  Dr.  Toulouse  also  wrote;  "he 
is  neither  affable  nor  confidential."  Perhaps  that  might  have  been 
inferred,  but  Dr.  Toulouse  was  certainly  deceived.  Poincarfi,  retired 
within  the  ivoiy  towers  of  his  thoughts,  was  insensible  to  all  that  dis- 
turbs the  hearts  of  ordinary  men.  He  himself  used  a  somewhat  lofty 
phrase  full  of  a  sad  stoicism  which  would  confirm  that  impression, 
when  he  sud :  "The  sole  end  which  is  worthy  of  our  labor  is  the  search 
for  truth.  There  is  no  doubt  that  first  we  must  set  ourselves  to  ease 
human  suffering,  but  why  t  Not  to  suffer  is  a  negative  idea!  and  one 
whidi  would  be  most  certainly  attained  by  the  annihilation  of  the 
world."  If  in  the  eyas  of  the  world  he  thus  seemed  to  resist  bis  own 
feelings,  we  ought  not  to  beUeve  tlwm  the  less  sensitive.  But  to  good- 
ness no  less  than  to  beauty  belongs  the  quality  of  modesty.  Poin- 
car6  was  adverse  to  the  familiarity  of  special  friendships,  because, 
'  with  Renan,  he  felt  that  they  made  one  unjust  and  wwe  unfavorable 
to  laiger  interests.  Nevertheless,  his  kindness  was  perfect,  even  with 
those  who  importuned  him  for  advice  or  praue.  Within  those  two 
concentric  circles,  the  family  and  the  fatherland,  modem  society  has 
accustomed  us  to  limit  our  altruistic  affections.  He  loved  them 
,  dearly.  He  was  too  good  a  son  of  Lorraine  not  to  foel  hurt  when  he 
thought  of  mutilated  France;  in  what  sad  and  troubled  accents  he 
knew  how  to  speak  of  that  great  grief  which  has  left  us  twice  inconsola- 
ble, even  though  our  sons  seem  to  forget.  But  it  was  especially  in 
hia  family,  that  confidential  fatherland,  that  he  showed  without  con- 
straint his  charming  t«ndemess  of  heart.  He  himself  taught  his  four 
children  to  read,  and  I  have  known  aspects  of  hia  romps  with  them 
which  would  recall  Henry  IV,  but  it  would  be  imprudent  to  describe 
tbem  here.  How  far  removed  he  seems  in  these  from  that  abstract 
mind  in  which  they  would  have  us  see  him,  retired  like  some  monstrous 
snail  within  the  inaccessible  convolutions  of  his  thoughts.  Moreover, 
he  had  the  good  fortune  to  Hve  in  surroundings  the  most  favorable  to 
creative  work,  in  an  atmosphere  of  silent  affection  and  discreet  quiet 
which  the  gentle  hands  of  the  women  of  hia  household  knew  how  to 
create  around  him. 

PoincarS  was  stbvcted  by  beauty  in  all  its  forms  provided  only 
it  was  noble.  Music,  painting,  poet^,  were  his  preferred  relaxations. 
"Eivea  as  to  his  science  we  will  see  that  he  loved  it  above  all  for  the 

'hetic  pleasure  it  brought  to  him.    An  anecdote  is  told  of  bim  by 
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M.  Sageret  which  showa  well  the  disdain  with  which  he  neglected 
what  was  not  science  for  science,  or,  if  I  may  dare  to  use  a  new 
phrase,  Science  for  Art.  The  director  of  the  E)cole  sup&riore  des 
tfil^aphee  had  asked  him  to  discuss  in  a  lecture  a  somewhat  difiS^ 
cult  problem  relative  to  the  propagation  of  electric  currents  in  cables. 
PoincarS  accepted  and  solved  the  problon  "at  first  sight"  without 
having  had  the  time  to  discuss  it.  Congratulations  came  from  the 
director.  "Yes,"  replied  Poincar^,  "I  have  found  the  value  of  L, 
but  is  it  measured  in  kilograms  or  kilometers  1"  It  is  useless  to  add 
that  he  knew  very  well  what  he  was  taUdng  about. 

We  should  also  recall  his  brilliant  school  days,  hb  wonderful 
faculty  iof  assimilation;  he  followed  all  the  mathematical  courses  of 
the  £cole  polytechnique  without  taking  a  single  note,  not  because 
he  remembered  the  demonstrations  but  because  he  could  reason 
them  out  at  will.  We  should  recall  that  he  was  very  skilled  in  rear 
soning,  but  what  does  that  prove  1  The  greater  portion  of  the 
teachers  of  mathematics  have  left  no  trace  of  themselves  in  the 
world.  For  it  is  one  thing  to  aastmilate,  another  to  invent,  and  we 
know  of  scientists  of  renown  who  have  not  succeeded  in  making 
themselves  accepted  as  fellows  in  our  colleges. 

To  be  complete  we  should  conclude  by  speaking  of  his  career,  his 
rise  to  the  very  highest  rank,  to  the  greatest  honors  given  by  sodety. 
But  that  matters  littie.  There  is  no  common  measure  between 
Poincarfi  and  the  many  other  men  whose  ranks  and  tities  in  this 
social  ant  hill  are  equal  to  his  and  of  whom  some  one — Ihavefoi^tten 
who — said,  "their  conceit  ill  concealed  their  incompetence."  Poin- 
car£,  on  the  contrary,  never  attached  much  weight  to  such  honors. 
He  was  deeply  and  sincerely  modest,  hesitating  always  to  announce 
definite  conclusions  and  his  intellectual  attitude  was  constantiy  one 
of  doubt.  It  is  perhaps  for  that  reason  that  among  a  dozen  great 
scientists  who  have  lived  during  the  last  century,  he  accomplished 
the  miracle  of  never  having  made  a  single  enemy,  a  single  one  hostile 
to  him  in  science. 

In  his  scientific  work,  Poincarfi  touched  all  the  great  matiiematical 
questions.  He  did  not  merely  touch  them  as,  from  the  multiphcity 
of  problems  examined,  one  might  suppose — just  skimming  over  them. 
This  Michelangelo  of  thought  could  not,  would  not,  stop  at  the  Uttle 
details — ^for  the  small  harvests  to  be  reaped  from  the  beaten  paths. 
It  was  in  the  most  obscure  comers,  the  most  inaccessible  of  matter, 
that  he  knew  how  by  first  onslaught,  with  great  cuts  with  his  chisel, 
to  open  paths  fuU  of  light  and  unknown  flowers. 

Mathematician  above  all  and  before  all,  he  could  clear  fields  for 
himself  in  those  studies  which  transcend  reality  and  where  the  pure 
geometrician,  lost  completely  among  his  harmonious  abstractions 
and  puie  deductions,  constructs  at  his  will,  immaterial,  impeccable 
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beings  of  strange  beauty,  l^e  pure  mathematician  has  at  his  beck 
intimate  delights  of  such  esthetic  quality  that  it  often  cornea  to  pass 
that  he  no  longer  finds  interest  in  the  exterior  world,  lost  in  a  kind 
of  grand  mysticism.  Poinoar6,  however,  waa  not  of  that  kind, 
although  his  reaeaxches  in  geometry  and  analyras  made  him  the 
greatest  mathematician  of  our  times.  "Experience,"  he  said,  "is  the 
sole  source  of  all  truth."  And  those  worda  acquired  a  singular  force 
coming  from  the  mouth  of  the  greatest  theorist  of  our  epoch.  That 
was  why  among  mathematical  problems  FoincarS  attacked  mpetiaify 
those  which  physics  brought  before  him.  That  was  why  he  passed 
so  readily  from  pure  analysis  to  mathematical  physics  and  then  to 
celestial  mechanics.  And,  finally,  that  was  why  he  came  to  reflect 
upon  the  very  foundations  of  our  knowledge,  upon  the  past  and  the 
future  of  our  world,  upon  the  value  of  our  thoughts  aa  we  pass  to 
the  limita  of  what  we  can  know  to  the  borders  of  that  abyss  which 
separates  physics  and  metaphysics  and  into  which  abyss  moat  of  us 
can  not  glance  except  with  dizziness.  It  tore  from  Pascal  many 
superb  si^is  of  grief,  yet  Poincar£  could  look  at  such  matters  as  he 
looked  at  all  other  things,  not  with  a  useleBs  despair,  but  without 
prejudice  and  foolish  illusions,  with  rample,  clear,  and  profound  good 
sense;  he  knew  how  to  look  at  them  and  after  a  glance  with  his  eagle 
eye  to  aum  up  all  in  a  word. 

II.  POINCARfi,  THE  MATHEMATICIAN. 

"My  daily  mathematical  studies,"  said  Poincarfi—"  how  shall  I  ex- 
press myself? — are  esoteric  and  many  of  my  hearers  would  revere 
them  more  from  afar  than  close  to."  That  is  what  he  sfud  one  day 
to  excuse  himself  for  speaking  on  a  mathematical  subject.  When- 
ever he  commenced  one  of  his  profound  lectures,  in  whidi  he  charmed 
hia  listeners,  he  felt  the  need  of  thus  excusing  himself,  llius  by  his 
modesty  he  knew  how  to  make  us  pardon  his  genius.  However  that 
may  be,  you  will  permit  me  to  appropriate  that  remark  for  the  pres- 
ent occasion  that  I  may  not  beyond  measure  speak  of  the  purely 
mathematical  researches  of  Poincar6.  It  would  require  a  dozen  years 
of  preliminary  mathematical  study  for  the  curious  reader  to  be  able 
to  know  them,  and  if  he  were  familiar  with  the  elements  such  as  he 
would  get  in  the  ordinary  collie  course  he  m^bt  take  a  ^ance  at 
them. 

Were  I  to  characterize  in  a  few  words  what  Poincarfi  brought  new 
into  the  divers  processes  of  calculus  and  which  won  for  him  the  title 
"Princeps  Mathematicorum,"  which  unanimous  consent  has  given  to 
no  other  man  since  Qauss,  I  would  proceed  thus:  In  algebra  and  in 
arithmetic,  where  he  introduced  the  new  and  fertile  idea  of  arith~ 
metical  invariants  and  in  the  general  theory  of  functions,  his  dis- 
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coveries  were  numerous  and  would  have  sufficed  for  the  glory  of 
seTeral  mathematiciana. 

It  was  especially  in  the  tiieory  of  differential  equations  that  the 
genius  of  Poincar^  showed  itself.  If  he  spent  on  them  the  greater 
part  of  his  intellectual  reBources  it  was  wi^out  doubt  because  most 
of  the  problems  offered  in  the  physical  study  of  the  universe  led  to 
just  such  equations.  Newton  was  the  first  to  show  that  the  state  of 
a  moving  system,  or,  more  generally,  that  of  the  universe,  depends 
only  on  its  immediately  preceding  state,  and  that  all  the  changes  in 
nature  take  place  in  a  continuous  manner.  True,  the  ancients  in 
their  adage,  "Natura  non  fecit  saltus,"  had  an  inkling  of  it.  But 
Newton  was  the  first,  with  the  great  philosophers  of  the  seventeenth 
century,  to  free  the  idea  from  the  scholastic  errors  which  perverted 
it  and  then  to  assure  its  development.  A  law,  then,  is  only  the  necee- 
sary  relation  between  the  present  state  of  the  world  and  that  imme- 
diately preceding.  It  is  a  consequence  of  this  that  in  place  of  study- 
ing directly  a  succession  of  events  we  may  limit  ourselvee  to  consid- 
ering the  manner  in  which  two  successive  phenomena  occur ;  in  other 
words,  we  may  express  our  succession  by  a  differential  equation. 
All  natural  laws  which  have  been  discovered  are  only  diffa-ential 
equations.  Looking  at  it  slightly  differently,  such  equations  have 
been  possible  in  physics  because  the  greater  part  of  physical  phe- 
nomena may  be  an^yzed  as  the  succession  of  a  great  number  of  ele- 
mentary events,  "infinitesimals,"  all  similar. 

The  knowledge  of  this  elementary  fact  allows  us  to  construct  the 
differential  equation  and  we  have  tiien  to  use  only  a  method  of  summa- 
tion in  order  to  deduce  an  observable  and  vaifiable  complex  phe- 
nomenon. This  mathematical  operation  of  summation  is  called  the 
"integration"  of  the  differential  equation.  In  the  greater  number 
of  cases  this  int^^ation  is  impossible,  and  perhaps  all  progress  in 
physics  depends  on  perfecting  the  process  of  int^ration.  That  was 
the  principal  work  of  Poincar^  in  mathematics.  And  in  that  line 
hia  work  was  amazing,  especially  in  the  development  of  those  now 
famous  functions,  the  simplest  of  which  are  known  as  ihe  Fuchsian 
functions  (named  after  the  German  mathematician  Fucfas,  whose 
work  had  been  of  aid  to  Poincarfi).  We  may  represent  by  these  new 
transcendental  functions,  which  are  also  called  automorphic,  curvee 
of  any  degree  and  solve  all  linear  differential  equations  with  algebraic 
coefficients.  Poincarfi  thus  gave  us,  using  the  apt  expression  of  his 
colleague,  M.  Humbert,  of  the  Acad6mie  dee  sciences,  "t^e  keys  of 
the  algebraic  world."  Poiucar6  himself  used  these  algebraic  tools 
in  his  researches  in  celestial  mechanics. 

To  tetl  the  Iruth,  the  Newtonian  idea  as  to  the  continrnty  of  phys- 
ical phenomena  has  of  late  been  somewhat  battered  down  in  several 
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places  by  the  new  and  odd  theory  of  "quanta,"  to  the  construction 
,  of  which  several  physical  discoveriee  have  led.  This  supposes  a.  cer- 
tain physical  discontinuity  in  the  atomic  phenomena  which  produce 
radiation.*  Not  wishing  to  go  too  much  into  detail  on  this  subject, 
I  am  going  to  make  a  somewhat  bold  comparison,  but  one  which  is 
perhaps  not  wholly  void  of  meaning;  The  hypothesis  of  quanta  has 
grown  up  side  by  side  with  that  of  continuity,  just  as  in  biology  the 
Larmarkian  and  Darwinian  theories  of  slow  and  imperceptible  evolu- 
.  tion  have  come  recently  face  to  face  with  those  of  sudden  and  dis- 
continuous mutation  of  the  Dutch  naturalist,  De  Yries.  The  latter, 
by  the  new  evidence  which  he  has  brought  forward,  has  not  destroyed 
the  older  theory;  he  has  merely  enlai^ed  it,  shown  its  limitations,  and 
left  it  intact  in  its  greater  significations.  Similarly,  the  theory  of 
quanta,  it  is  probable,  will  not  prevent  the  greater  part,  if  not  all,  of 
physical  phenomena  from  being  capable  of  representation  by  diffffl^ 
ential  equations.  The  progress  which  the  latter  have  brought,  the 
physical  discoveries  to  which  they  have  led,  notably  in  optics,  in 
electricity,  and  in  astronomy,  are  their  guaranty.  Axx^rdingly,  the 
new  functions  discovered  by  Poincar^  will  always  remain  one  of  the 
most  brilliant  contributions  which  he  brought  through  pure  theory 
to  the  study  of  external  phenomena. 

If  we  study  the  characteristics  of  the  method  of  Poincar£  and  of  his 
mathematical  genius,  we  find  especially  a  wonderful  faculty  for  gen- 
eralization. Instead  of  starting,  as  do  most  students,  with  a  study  of 
the  minor  details,  he  jumped  to  the  very  heart  of  his  problem,  n^lect- 
ing  the  intermediate  details,  like  an  audacious  conqueror,  who,  with- 
out preliminary  skirmishing,  makee  his  first  onslaught  upon  the 
master  di£Eiculty,  the  most  impr^nable  fortress,  inventing  on  the 
spot  the  instruments  for  subduing  it  and  then  forcing  its  surrender 
without  striking  a  blow.  Then  we  would  leave  to  others  the  investi- 
gation and  organization  of  the  new  province  which  he  had  just  won 
and  pass  immediately  to  other  conquests.  In  that  sense  we  may 
speak  of  him  as  being  "more  a  conqueror  than  a  colonizer."*  There 
resulted  that  peculiar  method  of  thought  so  noticeable  in  his  philo- 
sophical writings,  so  disconcerting  at  times  to  the  novice  and  which 
brought  upon  him  the  reproach  of  being  disconnected.  Tme,  Foin- 
card's  process  of  reasoning  was  not  smooth  and  continuous;  he  pro- 
ceeded by  successive  bounds  which  had  more  the  effect  of  a  broken 
line.  But  the  profile  of  a  diamond  is  likewise  made  of  broken  liaes, 
from  the  vay  virtue  of  which  its  briUiancy  results.  Such  a  logical 
method  is  not  common,  but,  borrowing  the  words  of  M.  Painlev£, 

I  Polncarf  Bammarlnd  BzceUmtly  in  Um  fbOowliii  vordi  ibarOj  bf<oi«  his  dnth  the  ondiutaBS  la 
vhleb  the  tbeory  of  QumU  led  him:  "A  physical  Ijattm  aa  eiUt  only  lo  a  flolteniunbiir  of  dliUnct  itatn: 
It  leaps  trom  one  o[  thB»  mates  b)  Baathet  witbont  passing  tliroiifh  a  oonUnuons  sed 

■  Borel:  Revue  du  Molj,  vol.  7,  p.  381. 
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"Should  we  be  surprised  if  a  lion  do«e  not  run  with  the  steps  of  a 
mouse  )'- 

Upon  the  very  atruoture  of  his  thoughts,  upoa  the  mecliaDism  of 
his  marrelouB  oerebral  workshop,  Foincairft  has  left  ub  strange  and 
Bu^estive  oonfidenoee.  Sinoa  what  we  know  of  the  univeirBe  comes 
only  from  its  image  as  reflected  to  us  through  our  brain,  that  knowl- 
edge is  affected  by  all  the  propertieB  and  deformations  of  tiiat  innw 
mirror,  and  psychology  will  without  doubt  one  day  be  the  n^aster 
science.  Accordingly  l^e  psychological  aspects  of  a  brain  like  tiiat 
of  Poinoar£,  which  he  has  shown  ua  naked  with  such  touchii^  sin- 
cerity, are  of  unequaled  interest.  In  studying  the  genesis  (^  mathe- 
matical invention,  "iriiich  without  doubt  is  the  purest  and  moat 
exclusively  rational  process  of  our  brain  because  it  seems  the  least 
conditioned  by  the  exterior  world,"  we  find  the  most  essential  char^ 
acterisUca  of  the  human  mind  which  we  may  ever  hope  to  get.  La^ 
place  has  said, '  'A  knowledge  of  the  methods  of  a  man  of  science  are  no 
less  useful  to  the  progress  of  science  or  toward  his  own  gloiy  than  the 
discoveries  tbemselves." 

Contrary  to  our  expectations,  oonseious  work,  voluntary  and  logical, 
did  not  witJi  Poinc&rS  play  tJie  moat  important  part.  Nothing  is 
more  amusing  in  that  respect  tjian  the  manner  in  which  he  has  told  ! 
UB  of  bis  discovery  of  the  Fuohsian  function.  This  idea  which  strug- 
gled vaguely  in  his  brain  one  evening  after  he  had  taken,  contrary  to 
habit,  a  cup  of  coffee  so  t^t  ha  could  not  aleep,  took  shape  little  by 
little  under  the  strangest  of  circumatances.  Everyone  has  read  the 
pages  where  he  has  told  how  he  saw  in  due  proportion  all  the  chief 
difficulties  but  did  not  consider  them  further,  and  then  how,  long 
afterwards,  in  a  flash,  the  solutions  he  wished  appeared  to  him  when 
he  was  putting  his  foot  on  the  atep  of  an  omnibus;  at  another  time 
when  crossing  a  street,  and  yet  again  on  a  geological  stroll  in  the  midst 
of  a  trifling  conversation. 

The  "subconscious  self,"  or,  aa  stnne  have  put  it,  "tjia  subliminal 
self,"  plays  in  math^nstical  invention  a  supreme  part.  Here  where 
we  b^eve  reason  and  will  ruled  alone  we  find  something  appearing 
analogous  to  the  inspiration  which  custom  attributes  to  poets  and 
oompoaers.  And  it  is  a  trouhieeome  circumstance  that  this  subcon- 
scious self  suooeeds  in  solving  problems  and  overcoming  difflcultiea 
which  the  conscious  self  could  not.  Is  t^en  the  subconscious  not 
superior  to  the  conscious  self )  Have  we  not  here  something  within, 
which  is  greater  than  ourselves,  a  sort  of  divine  essence  superior  to 
our  will  and  reason  which  makes  us  capable  of  tasks  greater  than  our- 
selves J  We  can  understand  t^e  importanoe  of  such  a  question  and 
the  spiritual  significance  of  a  positive  relpy.  The  positive  mind  of 
Poincar6,  however,  would  not  admit  supernatural  explanations  unless 
absolutely  necessary  and  in  a  penetrating  and  accurate  investigation 
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he  has  shown  a  way  to  escape  such  a  conclusion.  "Ha  nu^es  us  see 
how  the  automatism  of  the  subliminal  self  works  only  upon  material 
which  the  conscious  self  prepares  for  it  and  then  explains  how, 
amoi^-  the  great  numbffl:  of  combinations  which  the  subliminal  self 
forma,  only  those  come  into  our  consciousness  which  are  apt  and 
elegant  and  consequently  affect  our  senses  and  attract  our  attention. 
'Hte  simple  and  most  hannonious  oonstruction  turns  out  to  be  pre- 
cisely the  most  useful  as  experience  and  reason  repeatedly  teaches. 
The  esthetic  sentiment  for  the  harmony  of  form  and  numbw  and  geo- 
metrical elegance  dominates  the  thought  of  the  mathematdoian.  His 
.  soul  is  first  of  all  that  of  an  artist  and  a  poet. 

These  views,  so  deep  and  true,  are  somewhat  at  variance  with  the 
olassio  idea  of  a  mathematician,  respectable,  exact,  but  rather  ludi- 
crous with  his  mechanical  brain  and  an  eye  which  the  traditionsl 
glasses  have  rendered  blind  to  all  beauty  and  in  whose  heart  nature 
has  placed,  instead  of  feeling,  a  table  td  seven-decimal-place  loga- 
rithms. 

In  unveiling  to  us  hi  a  man  of  science  worthy  of  the  name,  a  seost- 
tive  and  esthetic  being,  Foincar6  has  again  yielded  to  his  innate 
modesty.  The  limitations  of  our  brain  have  made  us  exalt  its  merits 
in  our  modem  society  where  the  "cult  of  intelligence"  rules;  we  have 
had  and  perhaps  still  have  a  tendency  to  exalt  the  virtues  of  the  will 
at  the  expense  of  l^ose  which  come  from  the  heart.  We  hold  as 
superior  to  all  else  the  attributes  of  the  thinking  man  and  so  our 
justice  has  a  deep  disdain  for  those  who  are  irreeponsible,  thou^ 
indeed  we  do  not  judge  that  they  merit  punishment.  In  thus  show- 
ing us  that  his  so  logical  a  development  for  science  was  due  largely  to 
his  subconscious  and  involuntary  and  only  partly  to  his  conscious 
faculties,  Foinoarfi  doubtless  somewhat  lowered  bis. own  ^ory,  per- 
haps that  of  all  scientistB  in  the  eyes  of  some;  as  to  that  I  imagine 
that  he  would  be  easily  consoled.  This  marvelous  autopsychological 
study  has  explained  one  thing  whioh  seemed  at  first  very  surprising, 
how  working  only  four  houts,  or  rather  consciously  working  only 
four  hours  a  day,  Foincarfi  was  able  to  produce  a  scientific  contribu- 
tion perhaps  greater  than  that  ever  made  by  any  other  mathemati- 
ciut.  Uncontrolled  by  his  will,  his  cerebral  machine  worked  by  itself 
night  and  day,  without  stoppii^.  Perhaps  otherwise  he  mi^t  not 
have  died  so  young.  That  interior  flame  which  without  rest,  shone 
so  bristly,  burned  up  too  soon  the  lamp  which  held  it. 

III.  POINCAR^  THE  ASTRONOMER. 

In  astronomy  tiie  work  of  Poincar£  was  gigantic.  That  science 
could  not  have  failed  to  attract  him  from  tiie  very  first  because  of  all 
the  exterior  world  it  offered  to  his  power  as  a  gwieraltzer,  disdainful 
of  conditions,  the  greatest  and  most  lasting  problems.    Tlere  is  no 
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oljier  branch  of  natural  philosophy  whioh  provides  to  the  meditation 
or  to  esthetdc  revery  such  grandeur.  Aatronomy  is  the  mother  of  all 
the  Boiences  and  it  is  stdll  today  the  most  adrauoed,  that  in  which  we 
can  best  predict  the  future. 

lite  study  of  the  etability  of  oar  imirerBe  has  been  for  two  centurieB 
the  fundamental  problem  of  celestial  mechanics  for  tiie  Bolntion  of 
which  the  genius  of  matiiematicians  has  striven.  This  portion  of 
space  wherein  we  are  placed,  the  solar  system,  is  it  stable?  ^^11 
those  planets  whicb  we  have  observed  from  time  immemorial  con- 
tinue to  describe  invariably  the  same  immense  orbits  with  only  a  few 
periodic  oscillations  from  their  mean  positions,  will  they  continue 
thus  indefinitely  in  t^  future  t  Or  will  this  machine  so  haimo- 
nioualy  contrived,  and  vriierein  we  at  present  see  no  apparent  sign  of 
possible  destruction,  never  beorane  unstable  and  disappear  some  day  t 
That  is  tiie  problem. 

When  Newton  dffinonstrated  that  gravity  acted  not  only  between 
tiie  sun  and  the  planets  but  also  between  the  planets  themselves,  it 
was  seen  that  there  must  result  irr^ularities  in  the  harmony  of  the 
solar  system,  tliat  the  reciprocal  attraction  of  ^e  planets  must 
slightly  deform  the  perfect  ellipses  which  the  attraction  of  the  sun 
alone  would  have  made  tliem  describe.  Truly  these  deformations  are 
small  because  of  the  smallness  of  the  masses  of  the  planets  compared 
with  the  central  stun  (Jupiter's  maas  is  300  times  that  of  the  earth  but 
only  one  one-thousandth  that  of  the  sun).  But  might  not  tJtese 
planetaiy  perturbations,  accumulating  through  centuries  the  effects 
already  observable  in  the  time  of  Newton,  finally  destroy  the  Kepler 
ellipses  ?  At  any  rate,  the  simple  haimony  of  the  world  of  Kepler  no 
longer  is  real.  Newton,  strongly  embarrassed  by  the  foresight  of  Una 
impending  catastrophe,  has  made,  in  his  optics,  this  allusion  to  the 
plajnetaiy  inequalities,  "which  probably,"  he  says,  "will  beoome  so 
great  in  the  long  course  of  time  that  finally  the  syatau  will  have  to  be 
pat  in  order  by  its  Creator." 

In  1772  Laplace  believed  he  was  able  to  demonstrate  that  these 
feats  were  groundless.  He  showed  that  the  secular  inequalities  of 
the  planetary  elements  c<»iipensated  themselves  periodically  at  the 
end  of  a  sufficiently  long  period  and  the  terms  of  the  first  order  of  the 
perturbations  would  disappear  in  the  calculations.  That  impUee  a 
stability  of  our  system  at  least  for  a  very  long  time,  thousands  of 
secular  periods.  Consequently,  Laplace  criticized  the  deus  ex 
machina  invoked  by  Newton  and  somewhat  haughtily  bdieved  he 
could  afiSim,  arguing  from  his  results,  that  the  machinery  of  our 
world  had  had  no  need  of  the  initial  fiUip  and  that  it  would  go  ahead 
indefinitely  without  the  need  of  outside  assistance.  Is  it  necessary  to 
note  that  there  must  be  some  fault  in  logic  on  the  part  of  one  who 
could  suppose  that  when  the  solar  system  had  so  beautifully  evolved 
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from  A  nebolft  the  process  of  evolution  Wonld  stop  and  become  fixed 
in  eternal  immobility  or  po-haps  better  in  inTariable  mobility  t  But 
even  great  men  sometimeB  make  elipe  in  their  logic.  There  were 
never  men  who  made  none.* 

lAter,  two  celebrated  mathematicians,  L^range  and  Poisson, 
considerably  extended  the  system  of  Laplace.  The  ind^nite  sta- 
bility of  the  planetary  elements  seemed  assured  forever.  The 
address  delivered  by  an  astronomer,  and  he  not. one  of  the  least, 
M.  do  Pont£oonlant,  before  the  AcadAmie  dea  Sciences,  when  the 
statue  of  Poisson  was  dedicated,  shows  well  the  state  of  belief  of  the 
woiid  upon  this  matter  then,  and  it  was  scarcely  altered  at  the  end  of 
the  nineteenth  century. 

"For  his  masterpiece,''  he  said,  "Poisson  had  the  honor  of  solving 
that  most  important  problem,  flie  stability  of  tiie  solar  system,  of 
which,  after  the  works  of  Laplace  and  Lagrange,  doubts  still  existed 
in  the  most  judicial  minds.  In  the  future  the  harmony  of  the  celestial 
spheres  is  assured.  Their  orbits  will  never  depart  h<om  the  almost 
circular  form  which  they  have  to-day  and  their  respective  positions 
will  make  only  slight  departures  from  a  mean  position  in  which  the 
soccessioa  of  centuries  will  finally  see  them  revolving.  The  physical 
universe  was  therefore  built  upon  indestructible  foundations,  and 
Qod,  in  order  to  conserve  the  human  race,  will  not  be  obl^^ed,  s9 
Newton  wron^y  believed,  to  retouch  his  work." 

So  matters  stood  when  Poincar^  attacked  the  problem.  Soon  dis- 
coveries succeeded  discoveries.  The  problem  set  is  this:  Being  given 
several  bodies  of  known  masses  in  given  places  and  with  ^ven 
velocities  at  some  known  moment,  to  determine  what  these  places 
and  velocities  will  be  at  any  future  time,  (.  For  a  single  planet  and 
the  sun  the  problem  is  completely  solved  by  the  laws  of  Kepler.  But 
when  two  planets  and  the  aun  are  considered  the  reciprocal  attraction 
of  the  planets  upon  each  other  most  be  considered.  Then  we  have 
the  celebrated  problem  of  three  bodies.  The  difficulties  of  this  latter 
problem  are  such  that  it  can  be  solved  only  by  the  method  of  succes- 
sive approximations.  In  the  equations  which  led  Laplace  and  lus 
snocessors  to  their  condusione  as  to  tiie  stability,  the  coordinates  of 
the  planets  wexe  developed  in  a  series  whose  tenaa  vtere  ammged  in 
powers  of  the  masses.  Poincer6  first  showed  that  we  coidd  not  thus 
obtain  an  indefinite  approximation  and  that  the  conveigence  of  the 

I  It  Ij  reUlsd  tbst  when  Laplaca  prasanted  hla  woik  to  Boaaparta,  Uie  latter  uked  whether,  u  with  New- 
ton, some  plw»  hud  Iniin  left  to  the  Cnntor  In  the  m^ntsnance  of  oidei  In  the  wald.  Laptux  Te[d[ed: 
"Cltism,  premier  ddhbuI,  I  have  hid  no  need  of  aaA  en  hTpethesli."  If  UiM  wu  tha  respiiaM  rwllf  made, 
I  do  not  see  at  all  the  gronnd  lor  the  Irraverentlal  or  allieiniral  attitude  ottan  attclbaud  to  lAplaoe.  Then 
may  Indeed  be  a  Terr  deeplj  religlDua  saitimme  In  the  btlletota  ualTsne  n>  hinnonlouBly  constltotud 
that  there  would  be  no  need  of  eontlniul  ratoodiliis  to  It  to  picewie  iti  OTnM.  "Men,"  Fobicird  tm- 
written,  "demand  that  Ood  cuntlnuHlEy  prove  his  oxisteon  by  miracles;  but  t^  et^nal  marvel  la  that 
Owe  are  Tiot  mfawiee  Mmtlnuoud;-.  It  li  l«r  that  very  rcuon  that  the  world  Is  dlvlna  because  ft  doo 
wotIe  so  harmoulDutly.   II  It  wan  ruled  by  oaprloe,  liow  could  v*  Ikeo  J>sn  ttatf  dianoa  did  not  reign 
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series  had  been  assumed  without  proof  bj  those  ^vho  employed  them,  "^ , 
and  that  it  is  probable  that  iii'  the  terms  of  higher  order,  t,  the  time, 
entera  not  oidj  with  the  sine  and  cosine,  which  would  lead  to  periodic 
compensations  of  the  irr^^larities,  but  also  outside  of  the  trigono- 
metric functions,  so  that  certain  of  the  terms,  at  first  negligible,  may 
possibly  increase  inde&iitely  with  the  time.  Here  with  one  blow  he 
reduced  to  naught  the  conclusions  of  I^aplace  uid  his  BUccessors. 

Poincar^  found  later  that  certain  new  methods  would  allow  him 
to  express  in  every  case  the  coordinates  of  the  planets  in  a  purely 
trigonometric  series,  avoiding  the  inconveniences  of  the  former 
methods,  and  he  proved  for  the  purpose  a  brilliant  series  of  new 
theorems  of  great  generality.  The  rigorous  proof  of  the  stability  y 
now  depended  only  on  knowing  idiether  the  new  series  would  be 
convergent.  This  was  the  knot  of  the  problem,  for  before  Foincar£ 
all  astronomers  had  supposed  a  trigonometric  series  to  be  absolutely 
convei^ent.  Foincar£  showed  that  that  opinion,  despite  the  fact 
that  it  was  classic,  was  erroneous,  and  indeed  that,  when  we  have 
represented  the  coordinates  of  the  planets  by  a  convergent  series 
which  is  not  very  different  from  that  employed  by  Laplace,  we  will 
not  have  demonstrated  the  stability  of  the  solar  system.  Because 
of  these  great  results,  which  are  like  the  crowning  of  three  centuries 
of  incessant  research,  posterity  will  certainly  place  this  new  treatise 
on  celestial  mechanics  (Les  mtfthodes  nouvellea  de  la  mftianique  '. 
c^este)  by  the  side  of  the  immortal  Principia  of  Newton.  All  future 
researches  on  this  subject  must  be  built  upon  the  soUd  foundations 
laid  by  Poincar^. 

Celestial  mechanics  in  general  considers  the  planets  only  as  if  all 
their  matter  were  concentrated  in  mathematical  points.  It  leaves 
out  of  consideration  the  other  properties  of  these  objects,  evidently 
generally  n^ligible  in  comparison  with  the  Newtonian  attraction, 
but  whose  effects  with  time  may  become  of  importance  relative  to 
the  stability  of  the  systems.  Attacking  the  question  from  a  new 
aide,  Poincari  showed  that  there  are  three  preponderant  forces  tend- 
ing to  modify  the  orbits:  The  resistance,  weak  though  it  may  be,  <A 
the  interplanetary  medium;  the  tides  which  the  planets  and  the  sun 
produce  upon  each  other;  and  the  magnetism  of  the  planets.  The 
accumulated  effects  of  these  will  finally  precipitate  the  planets  into 
the  sun.  That  will  be  the  end  of  our  system  of  planets.  Wilt  that 
be  the  end  of  the  hnman  race  1  Certainly  not,  for  it  is  very  probable 
that  other  changes  will  have  ended  terrestrial  Itfe  long  before  the  day 
t)f  that  final  catastrophe;  the  day  t  no,  I  should  not  say  day ,  for  there 
will  no  longer  be  day  and  night,  for  our  earth  will  then  forever  present 
the  same  side  toward  the  suni  Many  reasons  lead  us  to  believe  that 
in  the  future  as  well  as  in  the  past  the  duration  of  human  life  tipon 
this  globe  will  be  infinitely  small  compared  to  the  time  our  earth  has 
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its  being.  So  those  who  fear  that  their  end  will  be  hastened  by  that 
of  £he  solar  system  may  be  reasenred.  The  retinae  of  the  snn  once 
disappeared,  does  that  mean  that  oUier  analf^Qs  and  distant  sys- 
tems, scattered  here  and  tiiere  like  a  Irving  dust,  will  not  exiat  in- 
definitely 1  That  is  a  question  mnch  discossed  at  present,  but  which 
we  can  not  answer. 

The  problem  of  the  shape  of  a  star  resolves  itself  into  that  of  a 
fluid  mass  rotating  and  subject  to  vaiious  forces.  Next  to  the 
problem  of  three  bodies  it  is  the  most  important  one  of  celestial 
mechanics.  Here,  too,  PoiBcar^  made  remarkable  discoveries.  They 
mark  an  epoch  in  the  study  of  the  snbjeot,  as  Sir  Geoi^  Darwin 
remarked  Uie  day  he  presented  to  Foincar^  the  gold  medal  of  the 
Royal  Society  of  Londop.  Formerly  but  two  figures  of  equilibrium 
were  known  for  rotating  fluids,  the  elipsoid  of  revolution  and  tiiat  of 
Jacobi  with  three  unequal  axes.  Faincard  found  through  hia  calcula- 
tions an  infijiite  number  of  others  which  are  stable  and  shaped  like 
peaiB,  whence  the  name  apiodea  given  to  this  class  of  bodies.  The 
pear-shaped  bodies  discovered  by  Foincar^  appear  to  have  an  im- 
portant place  in  nature,  as  proved  by  the  evidence  from  certain  nebula 
and  close  double  stars.  They  enable  us  to  get  some  idea  of  the  mech- 
anism of  that  bipartition,  somewhat  analogous  to  that  of  oi^anic 
cells,  which  may  have  given  birth  to  a  great  number  of  binary  syB- 
trans  and  which  successively  separated  the  earth  from  the  sun  and 
then  the  moon  from  the  earth. 

Finally  Foincar^  showed  that  no  form  of  equilibrium  is  stable 
when  the  velocity  of  rotation  exceeds  a  certain  limit.  He  at  once 
applied  this  fact  to  that  enigmatic  marvel,  the  ring  systom  of  Saturn. 
Maxwell  showed  that  the  rings  could  not  be  solid  and  if  fluid  that 
their  density  could  not  exceed  three  one-hundredths  that  of  Saturn. 
Foincar£  proved  that  if  the  rings  are  fluid  they  could  not  be  stable 
unless  their  density  ia  greater  than  one-sixtieth  that  of  Saturn.  He 
concluded  that  the  only  alternative  is  to  suppose  that  they  are  formed 
of  a  multitude  of  small  satellites,  gravitating  independently.  We 
know  how  spectrum  analysis  subsequently  proved  this  marvelous 
deduction  of  this  mathematical  genius. 

A  small  portion  only  of  Foincard'a  scientific  work  is  included  in  that 
just  described.  Even  a  superficial  description  of  all  would  require 
volumes,  it  is  so  vast.  Before  turning  to  another  branch  of  his  work, 
that  which  will  reveal  his  philosophy,  I  feel  almost  a  kind  of  remoise 
as  I  find  myself  obliged,  by  ihe  limitations  of  this  tribute,  to  pass 
over  in  silence  all  those  great  disooveries  which  he  has  so  generously; 
ahnost  indifferently,  if  I  may  use  that  word,  worked  out,  always 
with  the  same  maatery,  in  such  different  branches  of  science,  in 
optics,  in  thermodynamics,  in  electricity,  or  in  astronomy;  some- 
times with  daring  strokes  he  treated  of  the  zelationa  between  the 
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matter  and  ih»  ether;  again  he  compared  the  thousandB  of  suns  of 
the  MiUcy  Way  to  the  molecules  of  a  bubble  of  gas,  applying  to  Ihem 
the  kinetic  theory  and  opening  in  the  Btellar  universe  such  astoaishing 
aspeote;  then  from  a  ray  of  light  seat  from  one  of  the  planets  ha 
teachea  us  to  learn  at  the  same  time  the  motion  of  the  sun  which 
sends  the  ray,  of  the  planet  vhich  reflects  it,  and  of  the  earth  which 
receives  it.  But  we  must  stop ;  when  we  are  passing  through  a  beau- 
tiful and  vast  forest  full  of  varied  aspects,  we  must  not  stop  only  in  the 
firat  pleasing  sh&de  we  reach,  for  yet  farther  on  there  will  be  found 
others  where  new  rhythms  will  arouse  our  emotions  and  emjiant  our 
eyes. 

IV.  POINCAEfi  THE  PHILOSOPHER. 

From  sdence  to  philosophy  there  is  but  a  step  to  t^ke,  they 
so  bound  and  penetrate  each  other.  The  Greeks  had  but  one  word 
to  express  each.  Even  to^lay  the  Ei^lish  call  the  physical  study  of 
the  universe  natural  philosophy.  Poincarfi  could  not  escape  that 
attraction  which  has  forced  all  Uie  great  workeis  in  the  exact  sciences 
from  Democritus  to  d'Alembert,  toward  the  end  of  their  lives,  to 
reflect  upon  the  primordial  mysteries  of  the  strange  universe  wherein 
our  ephemeral  thoughts  live  and  die.  When,  upon  the  front  of  the 
Parthenon  some  rival  of  Phidias  had  cut  that  exquisite  equestrian 
frieze,  he  must  have  stepped  back  a  moment  so  as  to  judge  his  work 
the  better  as  a  whole,  and  then  later,  foi^tful  of  his  own  efforts,  have 
become  absorbed  in  the  vast  harmony  of  the  whole  great  temple. 
And  so  all  the  great  wise  men  worthy  of  the  name  feel  toward  the 
universe. 

The  philosophical  ideas  of  Poincar6  have  deeply  impressed  all 
those  who  think.  They  have  helped  throu^  their  tendencies  to  give 
the  intellectual  attributes  of  our  generation  its  so  definite  profile.  By 
singular  chance  they  have  stirred  the  most  adverse  camps,  Each  one 
has  wished  to  use  them  for  their  weapons;  vain  desires,  for  these 
ideas  soar  far  above  them,  and,  indeed,  such  ideas  sometimes  seem 
to  tmchain  and  reanimate  quarrels  of  other  ages.  Whence  does  this 
man  get  this  strange  power  of  moving  thus,  despite  himself,  by  his 
thou^ta  alone,  in  ^is  abstract  domain,  in  a  realistic  epoch  where  the 
conflicts  of  every-day  life  press  harder  than  ever  upon  the  world  of 
ideals  ?  This  power  is  due  to  Poincar6's  intellectual  superiority  and 
especially  to  his  thorough  sincerity.  In  what  way  are  these  new  points 
of  view  which  this  great  man  has  developed  so  suggestive,  so  useful, 
so  convincing  }    Let  us  try  to  find  out. 

If  we  exclude  the  bitter,  ever-present  stru^e  for  better  living, 
which  does  not  gain  in  dignity  as  we  pass  from  animal  to  man,  it 
seems  as  if  all  man's  striving  came  solely  because  he  thirsts  both  for 
t^th  and  for  justice.    And  we  always  find,  save  with  Dr.  Fangloss, 
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who  was  a  mythological  beii^  dead  without  deecendante,  that  in 
reality  justice  is  not  always  tl^e  rule.  Tbo  two  words,  truth  and  jus- 
tice, which  we  are  accustomed  to  couple,  correspond  in  a  certain  w&y 
to  states  which  the  very  nature  of  things  renda*  mutuaUy  exclusive. 
Some  men,  whom  truUi,  the  desire  for  knowledge  above  all  eke, 
attracts,  follow  to  their  last  consequences  the  dictates  of  reason  even 
though  th^  drown  in  the  bitterness  of  their  dearest  illusions.  Tba 
others,  ever  protected  by  that  magic  potion  called  justice,  and  which 
some  intuition,  whence  I  know  not,  assures  them  must  exist,  deliber- 
ately turn  their  eyes  from  exterior  reality  which  at  every  step  spoils 
their  dream.  To  them  it  is  enough  that  a  thing  be  just  in  order  that 
it  be  the  truth.  Their  inner  ideak  are  a  superior  guide  to  outside 
reality. 

The  first  mode  serves  as  a  mantle  for  diverse  forms  of  materialisms, 
rationalisms,  positivism,  scientism;  the  second  rules  as  mistress  to 
various  spiritual  doctrines  of  which  the  most  recent  and  au^eetive 
is  pragmatism  in  its  various  forma.  Contrary  to  its  various  prede- 
cessors, pragmatism  pretends  not  to  ignore  science.  "Wiih  varied 
shades  and  pretenses,  often  modified  by  circumstances,  these  two 
tendencies  have  separated  men  as  far  back  as  we  go  in  history.  Nor 
can  it  be  otherwise  in  the  future.  As  long  as  our  nature  is  what  it  is 
are  we  condemned  to  toss  between  these  two  extremes,  which  are 
called  intelligence  and  sentiment,  reasoning  and  dreaming,  the  reality 
and  the  ideal.  We  may  a'um  up  all  history  of  the  torments  of  hum^n 
thou^t  by  that  name  which  Ooethe  gave  to  one  of  his  most  beautiful 
books,  "Wahrheit  und  Dichtung"  (truth  and  fiction). 

The  conflict  becomes  especially  bitter  and  irritatii^  when  it  no 
longer  takes  place  between  schools  of  thought  but  between  individuals. 
Sometimes  one  sect  seems  to  be  supreme.  Oftentimes  both  lose. 
The  love  for  the  ideal  and  the  taste  for  the  real,  lost  in  the  bitter  con- 
test, leave  the  soul  empty  and  lifeless.  PoincarS's  philosophy  shows 
how  we  may  challenge  both  of  these  dogmatic  extremes.  Nor  doea  he 
do  this  with  arms  rusted  and  stacked  in  idle  repose.  He  has  nothing 
in  common  with  a  vague  eclecticism,  which,  like  the  costume  of 
Harlequin,  made  of  pieces  and  bits,  tries  in  vain  to  conceal  with  words 
the  wounds  received  and  which  no  longer  survives  except  in  our  col- 
lege educations,  those  museums  of  antiquities.  He  attacks  the 
problem  at  its  very  foundation,  assigning  to  each  step  its  definite 
limitations.  He  gives  us  reasons  for  doubt,  but  at  the  same  tune 
reasons  for  action,  for  loving  the  beautiful  and  the  true,  even  though 
they  may  not  be  accessible.  May  we  not  love  the  stars  even  though 
we  can  not  touch  themi 

To  a  superficial  observer  sdendfic  truth  is  beyond  the  psle  of  doubt;  srientific 
Ic^c  ie  infallible;  if  Bometimee  a  sciential  is  deceived  It  la  because  he  haa  overlooked 
some  conditions. 
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Mathematical  truths  are  derived  from  a  few  aelf-evidemt  udonu  \>y  aa  unimpeach- 
able chain  of  reasaniiig.  They  rule  not  only  over  us  but  over  nature  heneU.  They 
limit  in  a  way  even  the  Creator.  He  coa  choose  only  between  a  few  poamble  aolu- 
tions.  We  need,  then,  only  a  few  triali  to  know  what  choice  he  made.  From  every 
experiment  many  consequencee  may  follow  through  a  seriee  of  mathematical  deduc- 
tioTiB,  each  one  leading  into  knowledge  of  some  new  comer  of  the  universe. 

Note  the  significance  of  these  facts  for  the  good  of  the  people;  the  importance  to 
those  coUeges  which  first  discover  the  physical  baaia  of  some  scientific  truth.  But 
note  how  they  have  misunderstood  tlie  relation  of  experiments  and  mathematicB;  tar 
hundreds  of  yean  philoso[^en  have  made  worlds  of  dreams  based  as  little  as  poamble 
upon  facts. 

Poincarfi  first'  undertook  to  show  the  weaJmess  of  that  creed  which 
refers  all  phenomena  to  time,  number,  and  space,  and  which  was  left 
to  us  by  the  traditiona  of  the  seventeenth  and  eighteenth  centuries. 
The  "mathematical  universe,"  that  dream  sketched  by  Descartes  and 
elaborated  by  the  great  encyclopeedists,  expressed  the  very  essence 
of  everything  in  an  absolute,  definite  geometrical  form.  Accordii^ 
to  the  Cartesian  conception,  all  the  properties  of  matter  are  reducible 
to  extension  and  movement;  matter  hid  nothing  fiu-ther.  This 
ambitious  dream  was  indulged  in  not  only  by  the  people  and  the 
colleges,  as  Poincarf  has  stated,  but  even  in  our  days  by  scientists  of 
considerable  repute,  notably  in  the  work  of  the  celebrated  .German 
naturalist  Haeckel,  who  developed  such  a  system  and  with  naive 
arrogance  believed  he  had  solved  the  "riddle  of  the  universe." 

There  has  been  quite  a  little  doubt  since  Kant  whether  these  no- 
tions of  time  and  space  upon  which  this  metaphysical  structure  is 
based,  this  absolute  pragmatism,  if  I  may  use  that  term,  are  not  a 
little  subjective.  That  at  once  renders  the  very  foundations  of  their 
structure  insecure.  But  it  was  Poincar^'s  task  to  show  in  a  not  easily 
refutable,  scientific  manner  what  was  to  be  thought  of  these  fimda- 
mental  ideas.  For  Uiat  he  examined  in  turn  the  various  sciences  - 
based  upon  geometrical  form;  first,  geometry  itself,  then  mechanics, 
and  finally  physics. 

Mathematics  was  first  tried.  Complete  rationalism  after  havii^ 
first  pursued  dogma  and  the  absolute  into  their  ancient  fortress,  by 
a  strange  and  somewhat  paradoxical  turn  restored  them  to  mathe- 
matics. He  believed  that  mathematics  could  not  be  what  it  seemed. 
There  seemed  to  he  something  of  fatality,  necessity,  which  could 
not  be  got  away  from  about  it.  When  all  our  ideas  melted  away  it 
alone  remained  solid  like  a  rock  in  the  ocean,  under  cover  of  the  con- 
tingencies and  the  relative. 

Now,  if  with  Pioncar£  we  examine  the  sciences  of  number  and  extrai- 
non,  especially  the  first  principles,  which  are  the  most  frail  parts  just 
because  of  their  apparent  and  undemonstrable  truths,  we  find  this; 
The  postulate  of  Euclid,  upon  which  all  geometry  is  based,  atatea 
that  "through  a  point  we  can  pass  but  one  line  parallel  to  a  given 
86360*— SK  IftU 
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ri^t  line."  For  ceoturies  the  greatest  efforts  have  been  made  to 
demonstrate  that  postulate,  and  then  during  the  last  centmy  the 
Russian  Xjobatschefsld  and  the  Hu^atian  Bolyai  almost  simolta- 
neously  showed  that  such  a  demonstration  is  impossible.  Yet  the 
Acad^mie  dee  Sciences  each  year  receiTee  a  dozen  or  so  pseudo- 
demonstrations  of  that  postulate. 

Lobatschefski  did  even  better:  Supposii^  that  several  paralld 
lines  can  be  drawn  through  a  poiat  parallel  to  a  given  right  line, 
retaining  the  other  axioms  of  geometry,  he  proved  a  succession  of 
strange  theorems,  between  which  it  was  impossible  to  find  any  incon- 
sistency, and  built  a  new  geometry,  no  more  unimpeachable  ((Really 
than  the  ordinary  Euclidean  geometry.  Then  Eiemann  and  yet 
othets  came  who  ^owed  that  we  could  construct  as  many  more  geom- 
etries as  we  wished,  each  perfectly  logical  and  coherent.  The  theo- 
rems of  these  new  geometries  are  sometimes  very  odd.  For  instance, 
the  following  one,  imagined  by  Foincarfi  himself,  has  been  demon- 
strated: A  real  right  line  can  he  perpendicular  to  itself. 

I  imagine  that  architects  and  engineers  would  scarcely  admit  such 
deductions,  although  they  are  in  no  way  loyalty  contradictory. 
That  brii^  us  to  the  kernel  of  our  discussion.  If,  as  results  from 
what  has  preceded,  the  axioms  of  geometry  are  only  conventions,  or, 
as  Poincari  has  expressed  them,  "definitions  in  disguise,"  and  if  the 
Euclidean  geometiy  is  no  more  absolutely  true  than  any  other,  why 
have  men  chosen  and  used  it  1  Because  it  is  better  adapted  to  our 
needs,  to  our  daily  life,  to  the  exterior  world  in  which  we  live;  because 
in  this  world  its  theorems  reduce  to  the  simplest  possible  form  the 
relationships  between  things.  A  measurer  could  express  just  as 
acmu-ately  by  means  of  a  Lobatechefskian  geometry  the  relation 
between  the  volimae  and  the  sides  of  a  cube  of  wood.  But  it  happens 
from  the  nature  of  a  cube  of  wood,  or  rather  from  the  way  our  senses 
comprehend  it,  that  those  relations  would  be  more  complex  than  with 
the  ordinary  Euclidean  geometry.  It  is  possible  to  imagine  a  world 
so  constructed  physically  that  men  having  our  brains — that  is,  our 
^d  of  logic — would  not  find  Euclidean  geometry  the  simplest. 

Geometry,  then,  is  no  longer  the  inner  temple  of  the  absolute.  It 
is  an  arbitrary  creation  of  our  intellect.  It  can  inform  us  only  rela^ 
tively  to  the  correspondii^  logical  developments.  However,  in  a 
certain  sense  geometry  depends  also  on  experience,  since,  as  we  have 
just  seen,  the  exterior  world  appears  simplest  in  the  Euclidean 
aspect.  That  does  not  mean  that  geometrical  truths  can  be  proved 
or  invalidated  by  experiment.  Our  instruments  and  our  senses  are 
imperfect,  whereas  a  geometrical  theorem  which  is  not  exactly  true 
is  false.  If  we  measure  with  our  instruments  the  sum  of  the  angles 
of  a  triangle  drawn  upon  paper,  we  shall  never  find  them  exactly 
equal  to  two  right  angles.    Sometimes  we  will  find  the  sum  smaller,  by 
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perhape  s  milliDDth,  aa  much  smaller  as  you  please,  but  nevertheless 
smaller,  irtiich  would  verify  a  theorem  of  the  Lobatschefskiaii  geom- 
etry, sometimes  a  httle  greater  bnt  sufficient  to  confonu  to  a  Biemami 
geometry.  Experiment,  then,  does  not  show  the  excluBive  truth  of 
EucUdean  geometry,  which,  like  the  otha*s,  is  at  the  bottom  an  edifice 
formed  by  logic.  If  the  Euclidean  method  ia  innate  to  as,  it  is  doubt- 
less because  of  ancestral  experiences,  because  the  hrain  of  mui  has 
little  by  little  been  adapted  to  the  exterior  world  by  natural  selection 
and  because  Ihididean  geometry  has  proved  to  be  "the  most  advao- 
t^eous  to  man}dnd;  in  other  words,  the  most  fit." 

If  in  mathematics  deduction  is  almost  all,  fact  almost  nothii^,  we 
find  the  reverse  in  the  obeervatiooal  sdences.  Pure  deduction  ctm 
teach  us  very  little  about  nature  except  in  an  indirect  way,  and  then 
only  because  oiu*  brain  has  httle  by  IHtle  become  harmonised  to  the 
exterior  world  with  the  fewest  clashes  posable.  In  that  sense,  cer* 
tainly,  the  study  of  our  intellect  teaches  us  indirectly  of  the  universe 
itself  just  as  the  appearance  of  a  mortal  wound  indicates  to  the 
medical  expert  the  instrument  employed  and  the  gesture  of  the 
asaasain.  But  that  evidence  is  not  only  indirect,  but  it  is  incom- 
plete, for  it  teJls  us  nothing  of  those  ext^nal  conditions  not  involved 
in  the  adaptation  of  the  species,  l^ese  latter  are  the  more  numerous. 
Accordingly,  the  discoveries  due  to  the  experimental  sciences  are 
unlimited,  whereas  those  from  pure  deduction  are  doubtless  limited. 
It  is  better  to  observe  than  to  reason,  and  doubtless  in  that  sense 
Poincar6  is  to  be  understood  when  he  wrote  in  regard  to  tihb  methods 
of  the  physical  sciences:  "Experience  is  the  sole  source  of  all  truth. 
It  alone  can  teach  us  new  things.    It  alone  can  give  us  certaintT'." 

But,  then,  should  not  the  theorems  of  mathematical  physios, 
which  are  but  the  synthesis  and  expression  of 'phymcal  experiences, 
furnish  us  with  a  definitive,  although  in  a  way  dogmatic,  image  of 
the  universe  such  as  certain  philosophies  have  promised  t  We  once 
believed  so;  but  having  observed  how  precarious  was  the  fortune  of 
such  theories  and  how  rapidly  and  repeatedly  the  most  brilliant  gave 
way  to  others,  some  have  been  pleased  to  call  science  futile  and  oniy 
a  source  of  error.  But  Poincar£  has  shown  that  physical  theories 
deserve  nather  such  excesses  of  honor  nor  of  indignity .  and  has 
brought  their  blind  adorers  as  well  as  their  systematic  detractors  to 
a  more  sane  view. 

Observation  and  experience  furnish  the  physical  facts  to  the 
physicist.  Should  he  be  content  merely  to  accumulate  them !  No, 
for  "he  must  coordinate  them.  Science  is  built  with  facts  as  houses 
are  with  stones;  but  an  accumulation  of  facts  is  no  more  a  science 
than  a  heap  of  stones  a  house;"  and,  further,  a  physicist  must 
"predict"  phenomena.  So  he  generalizes  what  he  has  observed, 
interpolating,  connecting  by  a  line  the  isolated  facts;  then  he  pro- 
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longs  that  line,  extending  it  into  a  region  not  yet  observed  where  the  co- 
ordinatesof  his  curve  indicate  to  him  newphenomena.  Then  by  further 
experiments  he  may  test  these  predicted  phenomena  to  see  whether  or 
not  he  has  truly  predicted.  If  truly,  then  his  extrapolation  was  justi- 
fied and  expresses  real  relationshipa;  if  not,  tlien  he  must  try  again. 

Unless  I  have  been  deccdved,  the  picture  just  sketched  indicates 
just  exactly  the  purpose  of  mathematical  physics  and  the  part  it 
plays  both  in  synthesis  ejid  in  prediction.  The  mathematical 
expressions  of  phyacal  theory  are  aJgebraio  translationa  of  the 
curves  such  as  I  have  jiist  described  and  which  the  physicist  mentally 
draws.  The  better  a  physical  theory  expresses  the  real  relationshipB 
between  the  phenomena,  the  better  will  it  predict  hidden  relations  veri- 
fiable by  trial  and  the  more  i»ef  ul  it  wUl  be,  the  more  fit,  the  more  true. 

Bui  the  truth  of  a  theory  must  not  be  misunderstood.  No  theoiy 
could  be  more  useful  then  Freenel's  in  attributing  light  to  move- 
ments of  the  ether.  To-day  we  prefw  that  of  Maxwell,  which  sup- 
poses light  is  due  to  oscillating  electric  curreDts.  Does  that  mean 
that  the  theory  of  Freenel  was  erroneous !  No,  for  t^e  object  of 
Fresnel  was  not  to  prove  the  existence  of  the  ether  or  whether  or  not 
it  is  formed  of  atoms,  whether  t^eee  atoms  move  this  or  that  way; 
his  object  was  to  predict  optical  phenomena.  For  that  the  theory  of 
Fresnel  serves  to-day  as  well  as  it  did  before  Maxwell.  "What 
changes  is  only  the  picture  by  which  we  represent  the  objects  betweeD 
which  the  physicist  has  discovered  and  proved  relationships.  VsriouB 
reasons  make  us  from  time  to  time  change  these  pictures  which  othep- 
vise  are  unimportant.  But  it  is  these  {HCtures  alone  which  cbange; 
the  relationships  always  remain  true  provided  they  rest  upon  wellr 
observed  facts. 

It  is  because  of  this  common  foundation  upon  truth  that  the  most 
ephemeral  theories  do  not  die  in  every  part;  but  like  the  torch  whidi 
iite  couriers  of  ancient  times  passed  on  from  hand  to  hand,  each 
theory  transmits  to  its  successor  that  which  is  the  only  accessible 
reality,  namely,  the  group  of  laws  which  expresses  the  relationships 
existing  between  things.  These  conclumons  reached  by  Poincarfi 
relative  to  phy»cs  hold  as  well  for  the  other  branches  of  science, 
chemistry,  the  biol(^cal  sciences,  even  for  those  sdencee  which  are 
yet  young  and  classed  as  moral  or  social,  mnce  they  ail  branch  out 
from  ph^CB,  and  according  to  their  nature,  have  for  iheai  final 
object  the  foundation  of  their  more  or  lees  complex  laws  upon  tiutee 
of  physics;  accordingly,  upon  the  latter  will  he  based  all  of  our 
knowledge  of  the  world. 

It  is  clear  that  the  conclusions  of  Foincar£  reduce  to  its  proper  value, 
which  is  a  minumum,  a  certain  common  materiaUsm  which  dreams  of 
attaining  the  absolute  and  indoaing  it  in  several  differential  equations. 
There  is  not,  there  can  not,  be  a  metaphysical  conception  of  sdence. 
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Those  who,  in  the  name  of  Pc»ncar6,  have  proclaimed  anew  tha 
failure  of  adence  have  not  understood  him.  Otherwise  they  would 
have  seen  that  he  batt«^  down  only  a  certain  interpretation  of 
science  mode  by  men  who  did  not  know  it  at  all.  The  attitude  of 
Poincaid  has  nothing  in  common  wit^  that  of  the  men  of  the  rank 
and  file  whose  agnosticism  ill  conceals  their  ignorance  and  upon 
whom  he  sometimea  liked  to  use  his  indulgent  irony.  "It  is  not 
enough  to  doubt  indiacainiinately;  we  mu&t  know  why  we  doubt." 

The  fragile  nature  of  sdentific  theories  proves  noting  against 
science;  they  are  only  show  cases,  shop  windows,  frames  wherein  we 
arrange  more  or  leas  conveniently  our  treasures.  It  is  just  the  same 
as  when  for  our  world's  fairs  we  gather  together  all  the  most  marvel- 
ous products  of  our  industries  in  ephemeral  palaces  built  of  mill 
boards  but  of  the  most  brilliant  designs;  and  then  because  the  wind 
and  the  rain  demolish  these  structures  of  boards,  if  we  try  to  keep 
iiuaa  too  long,  or  because  we  demolish  them  ourselves  to  build  again 
others  yet  differently  to  expose  anew  our  products,  who  would  dare 
to  say  that  oiur  human  industries  had  failed  1  But  that  is  just  the 
way  these  men  reason,  i^io,  may  I  so  call  them,  are  the  perpetual 
assignees  of  the  failure  of  science.  Is  it  not  just  as  a  blind  man 
would  reason  if  it  occurred  to  him  to  disparage  the  light  of  the  stars  f 

But,  side  by  side  of  these  simple  and  ingenuous  detractors,  there 
has  recently  arisen  a  new  class  which  criticizes  and  diminishes  the 
value  of  science;  they  uphold  a  body  of  doctrine  due  to  a  very  intel- 
ligent, educated,  subtle  set  of  men  who  belong  more  or  lees  to  the 
new  school  of  pragmatic  philosophy.  They  pretend  to  draw  argu- 
ments from  the  idess  of  Foiucar^.    What  would  he  think  of  tbemt 

What  ^vee  pragmatism  its  absorbing  intOTeet  is  that  while  not 
ignoring  science,  arguing  indeed  from  its  results,  it  appeals  to  other 
criteria  than  reason.  But  this  is  not  the  time  to  examine  these 
doctrines.  In  order  to  know  what  Foincar6  himself  thou^t  of 
them  let  us  ask  him.  There  at  once  arises  an  essential  antinomy. 
The  aim  of  pragmatism,  whence  its  name,  is  action,  practical  service, 
and  if  science  has  a  value  it  is  as  a  means  of  action  and  because  it 
fumishee  na  vrith  practical  and  useful  rules.  To  Foincar^,  on  the 
other  hand,  it  is  Imowledge  which  is  the  end  of  action.  If  he  waa 
glad  of  industrial  development,  it  was  not  only  because  it  furnished  a 
ready  argument  to  the  defenders  of  science,  but  also  because,  by 
freeing  men  more  and  more  from  material  cares,  it  would  some  day 
give  to  all  the  leisure  to  voA  for  science. 

This  point  of  view  is  not  only  full  of  nobleness  and  beauty,  it  is 
indeed  richer  in  useful  consequences  than  utilitarian  pragmatism 
itself.  For  a  century  and  a  half  the  pragmatists  as  well  as  the  pou- 
tivists  (how  can  we  refrain  from  wondering  at  the  strange  bond 
iriiich  unites  two  such  different  sc^ols  ?}  looked  upon  the  discoverieB 
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wbicb  Galvanus  and  Volta  made  upon  the  frogs  as  perfectly  idle  and 
useless-  These  men  of  science  with  a  wholly  disinterested  curiosity 
ardently  pursued  their  researches.  It  is  from  these  little  experiments, 
more  or  less  then  a  plaything  for  the  idle  hours,  that  all  our  electrical 
industries  with  their  innumeratde  practical  consequences  have  sprung. 
To  many  pragmatists  science  is  only  a  nominal  thing;  the  scientist 
creates  the  fact  through  experiment;  then  he  denatures  the  rou^ 
facts,  transfomung  them  into  "scientific  facts."  Foincarfi  replies, 
showing  that  "all  a  scientist  creates  in  the  fact  is  the  language  by 
which  he  expresses  it."  If  some  day  we  find  that  the  statement  of  a 
physical  taw  is  incomplete  or  amlHguous,  we  have  merely  to  change 
the  language  by  which  it  was  expressed.  Because  the  language  by 
which  each  one  expresses  the  deeds  of  daily  life  is  not  free  from  ambi- 
guity, should  we  conclude  that  these  happenings  of  daily  life  are 
only  the  work  of  granmiarians  f 

Finally,  and  this  is  the  culminating  point,  the  pragmatiats  con- 
aider  science  an  artiSciol  creation,  contingent,  uncertain,  and  teach- 
ing us  nothing  of  objective  reality.    Has  not  Poiacarg  shown,  indeed, 
that  the  mathematical  sciences  are  contingent  and  that  physical 
theories  express  only  the  relations  between  things  and  not  the  objects 
themselves^     But  here  Poinar6  calls,  "Halt,  there!"     He  shows  that 
the  only  objective  reality  is  precisely  these  relations  between  things. 
The  first  condition  of  the  objectivity  to  us  of  exterior  objects  is 
that,  they  are  common  to  other  tbinlring  beings,  which  fact  we  may 
know  by  comparing  their  impressions  with  our  own.    Perhaps,  in  my 
opinion,  Poincar6  goes  a  little  too  far  when  he  afSrms  that  this 
guarantees  the  existence  of  the  exterior  world,  that  this  suffices  to 
distinguish  the  real  from  a  dream.    We  could,  indeed,  imagine  our 
whole  life  a  dream,  with  beings  similar  to  ourselves  telling  us  of  sen- 
sations analogous  to  our  own  in  r^^rd  to  objects,  so  that  the  fiction 
of  our  dream  seemed  outside  of  ourselves.     But  this  is  not  the  place 
to  discuss  the  reality  of  the  exterior  world,  since  its  existence  is  po»- 
tulated  both  in  the  scientific  and  in  the  opposing  theories.    The 
existence  of  what  we  call  the  external  world  being  placed  beyond 
doubt  both  by  the  scientists  and  by  the  pragmatists,  it  results  cleariy 
from  what  has  just  been  said  that  since  it  is  through  "discourse," 
language,  that  men  exchange  sensations,  there  is  no  objectivity  with- 
out "discourse."     Discourse  which,  according  to  certain  nominalists 
^•Hiatu  ""nexistent  facts  and  is  a  veil  before  objectivity,  becomes, 
itrary,  its  necessary  condition.    But,  on  the  other  hand, 
itions  of  oUiera  are  for  us  an  eternally  closed  world."    I 
'  know  whether  the  color  sensation  produced  upon  me  by  a 
by  the  first  and  third  stripes  of  the  French  fiag  are  the 
outs.    All  that  I  know  is  that,  with  you  as  with  me,  the 
these  stripes  produce  a  similar  sensation  which  we  oall 
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blue,  or  ofiierwiae,  and  that-  the  third  stripe,  with  you  as  with  me, 
produces  a  different  sensation  from  the  first.  Thus  what  is  "pure 
quality"  in  sensations  is  nontransmissible  and  impenetrable.  Only 
^e  relations  between  the  sensations  are  transmissible,  and  coose- 
quentlj  may  have  an  objective  value.  And  that  is  why  science,  which 
furnishes  us  with  the  relations  existing  between  phenomena,  tells  us 
of  all  that  is  purely  objective. 

The  profound  and  subtle  criticism  which  Poincair^  has  made  of 
scientific  theories  leads  us  in  no  way  to  agnostic  conclusions.  Those 
who  have  tried  to  use  it  to  contest  the  value  of  science  have  reasoned 
wrongly. 

[Here  follows  in  the  original  French,  Section  Y,  discussing  Foin- 
cair6  and  the  moral  problem,  which  is  necessarily  omitted  from  the 
present  translation  on  account  of  the  length  of  the  entire  paper.] 

VI.  CONCLUSION. 

A  great  inventor,  a  great  philosopher,  Poincer6  was  also  a  great 
writer.  If  it  .were  for  literaiy  merit  alone  he  would  deserve  study. 
His  language  was  vigorous  and  vivid,  with  a  conscisenesa  and  clear- 
ness peculiarly  French.  He  did  not  disdain  to  clothe  any  profound 
thought  in  the  garb  of  a  pretty  phrase  wherein  he  grouped  himself 
with  the  encyclopedists  who,  like  d'Alembert,  believed  a  precious 
liquor  yet  finer  when  served  in  a  finely  cut  glass. 

Thelast  century  has  produced  experimentersof  genius  likePasteur — 
men  of  astonishing  intuition  like  Maxwell.  It  has  not  produced  men 
who  have  done  as  much  as  Poincar£  for  the  progress  of  the  purely 
deductive  sciences  and  for  mathematical  discipline,  or  who  like  him 
could  "  think  science"  and  place  it  exactly.  The  picture  idiich  he 
has  left  us  ia  at  the  same  time  sad  and  encouraging.  Science  has  its 
limits.  It  can  know  only  the  relative,  but  in  that  it  is  supreme.  As 
to  wishing  to  penetrate  into  what  is  called  the  absolute — ^the  "  things 
in  themselves" — these  questions  are  not  only  insoluble  but  illusory 
and  void  of  sense.  Science  is  an  asymptote  to  the  total  truth  as  is  the 
hyperbola  an  asymptote  to  its  directrices,  and  futher,  like  the  hyper^ 
bola,  it  extends  without  end. 

In  the  somber  forest  of  mystery,  learning  is  like  a  glade,  "ilea 
enlarge  continuously  the  circle  which  borders  the  clearing.  But  at 
the  same  time  it  continuously  touches  the  shades  of  the  unknown 
at  a  greater  number  of  points.  No  one  on  the  borders  of  this  glade 
has  known  how  to  gather  newer  and  more  magnificent  flowers  than 
has  Henri  Poincar£.  So,  as  long  as  there  are  men  who  think  that  it 
is  noble  to  live  at  ihe  summit  where  hsrsh  truth  is  enthroned,  his 
Loraine  name  will  tremble  on  their  lips. 

If  I  may  paraphrase  a  famous  saying,  he  was  one  of  the  essential 
elements  of  human  thought. 
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